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METEOROLOGY IN AIR-POLLUTION ENGINEERING 


GORDON 8B. BELL Jr., BS. 
i ELMER ROBINSON, M.S. 
AND 
DALE H. HUTCHISON, B.S. 
STANFORD, CALIF. 


IR POLLUTION can be defined as the presence of gaseous and/or particulate 

materials in the atmosphere in sufficient quantities to bring about any or all 
of the following results: decreased visibility ; health detriment ; odors ; eye, nose, and 
throat irritation, or damage to vegetation and property. 

In air pollution—as in many things—it is better to act before the damage is done. 
Since air-pollution problems cannot be solved quickly, the far-sighted engineer makes 
air pollution part of his thinking in order to avoid difficult situations and to eliminate 
unnecessary expense. Applied meteorology and climatology are both important 
aspects to be considered. They are of particular importance when new processes, 
new factories, or plant expansions are under consideration because it is at these 
stages of industrial development that the solutions to air-pollution problems can 
be engineered most economically. 

An encouraging trend during the past few years, undoubtedly forced by increas- 
ing public awareness of the present industrial waste disposal situation, has been 
the development of new ideas and techniques for attacking problems in air pollution 
from an engineering standpoint. The engineering progress, coupled with increasing 
experience in the application of the fundamentals of meteorology and climatology, 
can be most helpful to today’s industrial engineer. 

Each air-pollution problem must be carefully defined with the assistance of 
engineers, meteorologists, chemists, plant physiologists, and occasionally veterina- 
rians, among others. The air-pollution problem usually creates a nuisance or causes 
an economic loss, either apparent, expected, or historical. 


It is sometimes difficult to define a pollution problem, since the damage or 


nuisance 1s frequently marginal. For example, pollution damage to vegetation may 
be difficult to differentiate from damage due to drought, insects, disease, or other 

i natural causes. After the problem has been delineated, a program of adequate sam- 


pling must be formulated. This sampling program must be so designed that it will 
differentiate between the damage resulting from air pollution and that due to natural 
causes, including the effects of the current weather and the local climatology. 


From Stanford Research Institute. Mr. Hutchison is manager of the Air Research Labora- 
tories. Messrs. Bell and Robinson are Associate Meteorologists. 

Presented at the Joint Meeting of the American Meteorological Society and the American 
Geophysical Union, Sept. 11-12, 1952, in conjunction with the Centennial of Engineering, Chi- 
cago, Ill. 
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Because air-pollution problems involve a wide range of technical subjects, a team 
of investigators consisting of specialists generally offers the most efficient means of 
attacking the problem. It is the aim of this paper to show how the meteorologist is 
a part of such a team of investigators. It is not suggested that engineers become 
meteorologists or that meteorologists become engineers. By citing some of the ways 
in which meteorologists have cooperated with engineers to solve industrial problems, 
it is hoped to demonstrate some meteorological phases of the pollution problem. 
In this way perhaps additional cooperative opportunities between the two sciences 
can be opened. 

ROLE OF METEOROLOGIST 


In order to start from a fixed point, it must be assumed that there is a source 
with an air-pollution problem. Two things which the meteorologist and the engineer 
must appreciate about the location of a plant site, either existing or proposed, are 
its climate and topography. While a description of the general climatic situation 
probably cannot answer the engineer’s specific questions about effluent trajectories 
or fume dilution, it will often serve to orient the succeeding studies along the most 
rewarding lines. 

For example, a coastal location will demand a careful appraisal of the diurnal 
wind pattern because of the influence of the ocean, while diurnal winds may be a 
minor consideration in other areas of the country. The topography of the plant area 
will naturally affect the climate and thus the day-to-day dispersion of the plant 
effluents. In addition, the environment associated with the topography can in many 
ways control the permissible amount of effluents. In agricultural areas, sulfur 
dioxide can be dangerous ; in cattle regions, fluoride emissions are potential hazards ; 
in residential areas, heavy dust and soot clouds soon raise the ire of the housewife. 

The evaluation and interpretation of meteorological data must be accomplished 
in a manner which is integrated with all aspects of the problem. Conversely, it is 
equally important that information concerning other phases, such as field concen- 
tration data, be analyzed in light of the prevailing meteorological situation. 

Air Pollution in the Trade-Wind Area.—One problem in air pollution concerned 
a large industry located in the subtropical trade-wind belt. Here the complaints 
were objectionable ground fumigations, serious visibility restrictions hampering 
operations in the harbor area, and considerable “downwash”’ in the lee of the stacks. 
The wind speeds were 15 to 20 mph (24 to 32 kmph) from the prevailing trade-wind 
direction. 

The refinery engineering department had completed two surveys and was plan- 
ning to solve the problem by increasing stack heights and by adding high-velocity | 
tops—a large project in both size and cost. It was hoped that the increased height 
obtained in this manner would improve dilution and thus eliminate these undesirable 
effects. 

Examination of the meteorological conditions showed that there was a charac- 
teristic increase in wind speed with height, together with a strong thermal turbulence 
near the ground. Under such conditions it would be extremely difficult to alter the 
natural dilution pattern by changes, such as adding additional height to existing 
stacks. However, the increased stack exit speed gained from the high-velocity tops 
would reduce the downwash of the effluent gases, thus reducing the stack corrosion 
problem. This instance is an example of an air-pollution problem developing in a 
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rapidly moving turbulent stream rather than in the stagnant air-mass conditions 
usually associated with acute pollution problems. This unexpected concentration 
of contaminants under turbulent conditions underlines the necessity of evaluating 
the meteorological factors prior tv making any large expenditures of money. 

Downwind Concentration Patterns—A more frequent situation involves the 
determination of the downwind pollutant concentration pattern produced by an 
individual plant. In this type of study the meteorologist usually works with the 
team conducting the field chemical sampling. Usually records of pollutant concen- 
trations at various points for various periods are available, and sometimes, but not 
always, there are coincident wind data. The proper interpretation and full use of 
these concentration data depend upon the analysis of coincident wind and atmos- 
pheric turbulence data. After it has been determined how the samples are being 
distributed around the plant, the meteorological data are analyzed for various degrees 
of turbulence and wind speed. When sufficient data have been analyzed, the con- 
centration values available may be extrapolated to give an areal distribution of pollu- 
tants. At this point it may be desirable to apply some of the stack dispersion theory 
from the literature in order to determine such things as effective stack height. The 
effective stack height is important, because it is often possible to make significant 
reductions in surface concentrations by moderate increases in effective stack height. 
Several of the formulas from the literature yield acceptable results. 

At the present time the formula described by Sutton ' in 1947 and the modified 
rough-surface dispersion coefficients presented by him in 1949? are most helpful in 
making these theoretical stack calculations. The method most nearly represents the 
actual conditions. The problem of the theoretical calculations should be viewed with 
extreme caution, because the theories presently available are not always completely 
applicable. 

The recent work of Lowry * and Smith,‘ of Brookhaven National Laboratory, 
and of Gosline,® of du Pont, had indicated that the point of maximum downwind 
concentration occurs as close as 3 stack lengths from the source under highly turbu- 
lent or lapse conditions and at about 10 stack lengths under neutral or moderately 
turbulent conditions. When the stack plume is carried into a nonturbulent or inver- 
sion layer of air, it may travel for many miles with little change in height and with 
little apparent change in density. Brookhaven has reported some excellent examples 
of this latter phenomenon.‘ 

By combining the field concentration data with direct field observations, it is 
possible to determine the upper and lower limits of concentration from which the 
probability of corrosion or vegetation damage can be determined. The damage 
probability can be estimated not only for the sampled areas but also, by extrapola- 
tion, for other areas around the plant. It can be used to estimate the amount of 
reduction required to eliminate the fumigation problem. 

Because some industrial emissions are very difficult to measure, it is often advis- 
able to determine downwind concentrations with some other material which is quan- 
titatively discharged to the air. Tracer techniques, whereby characteristic material 
is dispersed from the source, can be used for this purpose. The principal require- 
ment for the tracer material is that it be so distinctive in color and intensity that it 
is not subject to confusion with other naturally occurring air-borne material. 
Church ° used oil fog as a tracer at Hanford, as has the AEC Brookhaven group.’ 
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Perkins, Leighton, and associates," at Stanford University recently described the 
use of fluorescent tracer materials. Finely ground pigments which can be easily 
distinguished under a microscope are also useful as tracers. 

In addition to determining concentration patterns, tracers may be used to 
delineate wind trajectories over distances of many miles. The use of tracers in field 
studies permits the determination of the contribution of an individual source to the 
over-all problem, even though several sources in the area are emitting the same 
material. 

However, it cannot be emphasized too much that the accuracy of the extrapola- 
tion of field concentration data depends upon the adequacy of the meteorological 
data, the representativeness of the field sampling, and the accuracy of information 
on the plant’s stack emission. Without all this information, field concentration data 
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are useful only as historical records of what occurred at the individual points where 
and when the samples were taken. 
Comparison of Plant Locations.—Another type of problem, the comparative eval- 
uation of proposed factory locations, requires an analysis of the amount and type of 
effluent which will be emitted from the factory, the type of area which will be fumi- 
gated, and an analysis of the climatic pattern and topography of the proposed area. 
The meteorological factors concerned in one such problem are shown by data 
for two areas along the California coast. In Figure 1 the readily available monthly 
wind data for San Francisco and Santa Maria (200 miles |322 km.] north of Los 
Angeles) have been used to show the prevailing monthly winds and the average 
monthly wind speeds. These data indicate similar patterns for both locations. How- 
ever, the real wind patterns for the two areas are actually quite different, as shown 
in Figure 2, which gives the prevailing hourly winds and average hourly speeds for 
the month of July for both San Francisco and Santa Maria. 
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The Santa Maria data show a typical land and sea breeze, with strong afternoon 
winds and near calm conditions at night. In contrast, the San Francisco data show 
that the winds are steadily from the west at relatively high speeds both day and 
night. The significance of these data with respect to the location of a factory is 
rather obvious. In San Francisco relatively high-speed winds throughout the day 
and night indicate relatively good dispersion of factory effluents. However, the 
constancy of direction means that a fairly small area will be continually downwind 
and thus may accumulate a high concentration of pollutants. 
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If a factory were located in Santa Maria, the area might have to tolerate high- 
pollutant concentrations during the stagnant wind conditions, Thus, the operating 
characteristics of the factory might be one of the deciding factors, together with the 
characteristics of the area which would be fumigated. It is the responsibility of 
engineers and management to evaluate the meteorological situation in relation to the 
many other factors which influence the choice of a plant site. 

In this particular study it was possible to use Weather Bureau data; however, 
the analysis had to be carried beyond the standard monthly summaries. The 
Weather Bureau punch-card program now being carried out on a routine basis 
makes a major contribution to such studies by materially reducing the costs of 
obtaining detailed data. The program will continue to increase in value as the 
backlog of punch-card data builds up. 
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An evaluation of the effluents which might be emitted by the factory and of the 
resultant concentrations is not always considered before the factory site has been 
determined. For example, a metal processor planned to locate in an agricultural 
area. The factory emissions contained material which could harm vegetation if 
present in sufficient quantities. Both the area and the meteorology were investigated. 
Tests showed that the vegetation surrounding the factory site already had accumu- 
lated enough of the particular pollutant from a variety of existing sources to 
approach the threshold of injury. The addition of more material by the proposed fac- 
tory might exceed the injury threshold, and the firm could then be held responsible 
for vegetation damage in spite of the fact that it supplied only a small part of the 
toxic concentration. In this particular case the planning had reached a point of no 
return, and there was no choice except to double or triple the collection equipment 
in order to reduce the factory emission to an absolute minimum. It was fortunate 
that atmospheric dilution was normally good, or it would be doubtful whether the 
plant could install enough control equipment and still operate at a profit. 


LARGE-SCALE INVESTIGATIONS 

The extenuating conditions attendant to large-scale air pollution, which can 
result from inattention to the principles of pollution control, are forcibly exemplified 
by the pollution problem presently prevailing in Southern California. 

San Bernardino County Pollution Problem.—Occasionally problems will occur 
involving meteorological phenomena that are distinctly macroscale. One problem 
of this kind occurred in the southwestern portion of San Bernardino County, Cali- 
fornia. To the west of this area are Los Angeles and its smog problem. The ques- 
tion was whether San Bernardino County industries normally contributed pollutants 
to the Los Angeles atmosphere. If they did, then they might logically be expected 
to take the same strict precautions against air pollutants as are required in Los 
Angeles. If they did not, then local industries would need to cope with only their 
own local problems. 

Figure 3 shows a streamlined pattern based upon prevailing wind directions and 
average wind speeds for the area for the month of September, 1949. The data show 
a part of the morning land breeze cycle of the wind pattern and have been averaged 
for the period from 4 to 8a. m. The characteristic pattern is a weak drainage flow 
from the steep mountains to the north and east and from the higher land to the south. 
To the southwest there is a basin with only a rather narrow opening where the 
Santa Ana River cuts through the low hills. At this point the winds were in the 
general direction of Los Angeles but were very weak. 

During the period from 8 to 12 a. m. the wind shifted to a westerly sea and 
valley breeze and reached its maximum intensity between noon and 4 p. m., as 
shown in Figure 4. The morning and afternoon pattern was one of rather strong 
winds up the valley toward the mountains and out of the basin through Cajon Pass 
to the north and San Gorgonio Canyon to the east. Note that here the maximum 
average wind speed was over 13 mph (21 kmph) in the open valley, whereas the 
maximum easterly wind during early morning hours had been 2 mph (3 kmph). 

These data illustrate why the area was generally considered to be on the receiv- 
ing end of the Los Angeles smog rather than the contributing end. This was cer- 
tainly not surprising from a meteorological standpoint. The study contributed 
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factual data to the discussion and made the answer available in an easily understood 
form. However, these data could not be used to justify ignoring air pollution from 
local industries, which might still create their own smog even though they could 
not easily be blamed for that of Los Angeles. 

In this particular project, an area of several hundred square miles was involved, 
and the problem of obtaining sufficient wind data was a difficult one since time and 
funds precluded an original observation program. Data were obtained from the 
Weather Bureau, the Air Force, municipal and private airports, and from the Forest 
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Service. Obviously, the quality and reliability of these data were not always the 
best, but by careful study and reference to other wind studies in the area a repre- 
sentative study of the area could be made, which would reveal in a roughly quantita- 
tive way the ebb and flow of surface air between the two basins. 

Los Angeles Smog Problem.—Another macroscale problem is that of Los 
Angeles smog itself. In the past five years more than $1,500,000 have been spent 
in research on this problem at several technical institutions in the area. The tem- 
perature inversion layer over the Los Angeles area is one of the necessary conditions 
for smog. Figure 5 shows some of the climatic aspects of the inversion layer during 
the months when it and smog are most prevalent. 


FIG. 3 
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The temperature inversion is a layer of nonturbulent air through which pollu- 

tants are not readily transported. It is called a temperature inversion, because the 

normally expected decrease of temperature with height does not exist in such a 

layer ; instead, temperature increases with altitude. The temperature-height relation 
is thus “inverted.” 

Mean seasonal changes in the inversion are indicated by Figure 5. Although 

the frequency of inversion does not vary greatly from June through October, occur- 
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PREVAILING WIND PATTERN, WESTERN SAN BERNARDINO 
COUNTY, CALIFORNIA, 1200-1600, SEPTEMBER 1949 


ring on an average in 90% of the observations, the mean height of the base decreases 
from a June height of about 2,000 ft. (600 meters) to an October height of about 
1,000 ft. (300 meters ). 

The further sharp decrease in the mean height of the inversion base in November 
reflects the increased contribution of surface radiational effects during the winter 
months. The observations were taken at 7:00 a. m. and 7:00 p. m., which permitted 
a high frequency of radiational inversion at both observation times during the colder 
months, 


The inversion pattern is helpful in delineating the season when smog can be 
expected to occur most frequently. Since August and September are not character- 
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METEOROLOGY IN AIR-POLLUTION ENGINEERING 


ized by frequent frontal disturbances in Los Angeles and since the winds are usually 
weak, these months are, from the meteorological standpoint, particularly subject 
to smog. 

Although previous years had shown the month of September to have more than 
one-fifth of all the smoggy days, September, 1950, as shown in Figure 5, had a very 
high mean inversion. This correlated with the fact that the 1950 September was 
the only one in recent years which was practically smog-free. This observation 
served to emphasize the relationship between the inversion height and Los Angeles 
air pollution. 

In a situation such as this it is not possible to promote better dispersion in the 
area through higher stacks or increased exit temperatures. The solution for the 
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industrial source requires first-class engineering in the form of collection equipment 
and redesigned processes which eliminate the pollutants. Nonindustrial sources, 
such as automobile exhaust, backyard incinerators, home furnaces, etc., account 
for more than half of the Los Angeles pollutants. The solutions for this part of the 
problem are not at all obvious. 
CONCLUSIONS 

The meteorological air-pollution problems described have been varied, but they 
have had one feature in common—each was a part of a larger scale engineering 
investigation. 

These examples show that the meteorologist is able to team with the engineer 
in answering such questions as the following : 


1. How can industrial locations be evaluated with respect to possible air-pollu- 
tion problems ? 
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2. What do the records of downwind concentrations mean in regard to a fumiga- 
tion pattern ? 


3. How much will a plant have to reduce its emission of effluents in order to stay 
out of air-pollution trouble ? 


4. Is a plant or an area being wrongly blamed for air-pollution problems ? 


Answers to these and to many more questions can come from meteorological 
data properly interpreted for the engineer’s use. This requires that the meteorologist 
be thoroughly familiar with plant operations. He should understand its raw 
materials, processes, and products as well as the local climate and environment. It 
is likewise necessary that the engineer realize how the weather can contribute in 
making a plant either a welcome or an unwelcome member of its community. 

While few corporations, in the face of the present trend in legal codes, can afford 
to ignore the air-pollution potential of their plants, the experience gained by industry 
in solving air pollution is reducing the cost of each succeeding problem. Time, 
effort, and money spent in conducting a carefully organized study, in which the 
meteorologist contributes along with the engineer and other specialists, is perhaps 
the only good way in which industry can assure itself of satisfactory solutions to its 
air-pollution problems. 
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PHYSICAL REHABILITATION AND REEMPLOYMENT 
OF THE HANDICAPPED 


FRANK H. KRUSEN, M.D. 
ROCHESTER, MINN. 


HAD THOUGHT that one who receives such a national award would usually 

be too old or too experienced to be greatly thrilled by it, but I find that this is 
not the case. Although I can qualify insofar as aging is concerned, I still find 
myself sufficiently susceptible emotionally to be deeply moved by, and profoundly 
appreciative of, this honor. 

When an ordinary person receives such an honor, naturally he wonders how it 
ever happened. The things which I have done which I suspect have led to this 
award have occurred largely as a matter of fortunate circumstance. It was my good 
luck to be born at a time when my new field of medicine was ripe for development. 
Also, | have been fortunate in my co-workers. Recognition is often given to those 
who are invited to talk the most, while the other workers go on quietly behind the 
scenes, never receiving the recognition which they merit as much as the one who 
does the talking. Therefore, I should like the donors to know that I could not have 
accomplished whatever I have done without the remarkable support and industry 
of my associates, particularly those in our clinical section at the Mayo Clinic, Drs. 
Earl Elkins, Gordon Martin, and Donald Erickson. They have worked as hard as 
I have; they have supported me constantly ; therefore, | must share this honor with 
them, and with my other colleagues, in our institution and in our specialty, as well 
as with the loyal therapists who assist us so effectively. 

Since the major design of the specialty which my associates and I have been 
striving to develop is to promote the physical rehabilitation of persons who are 
handicapped by disease or injury, and since it is essential to prepare handicapped 
persons physically and emotionally for employment, our specialty does play a 
major part in employment of the handicapped. I assume that this is the reason 
why I was selected to receive this great honor. For it | am deeply grateful to 
Admiral McIntire, to Dr. Peterson, and to the members of the President's Com- 
mittee on Employment of the Physically Handicapped. 


Proper restoration of handicapped persons depends on three things: (1) appro- 
priate, definitive treatment and physical rehabilitation of the handicapped person 
in the hospital; (2) proper vocational rehabilitation, and (3) well-established 
programs for employment of the handicapped. 


Section of Physical Medicine and Rehabilitation, Mayo Clinic and Mayo Foundation. The 
Mayo Foundation is a part of the Graduate School of the University of Minnesota. 

Remarks on receiving the National Physicians’ Award for 1953 from the President’s Com- 
mittee on Employment of the Physically Handicapped, made at the Congress on Industrial 
Health, Louisville, Feb. 24, 1954. 
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HOSPITAL CARE 


The modern hospital, faced with increasing numbers of patients who are 
chronically ill or seriously disabled, should make every effort to provide the best 
possible facilities for the phy$ical treatment and rehabilitation of the handicapped. 
These disabled persons must be fitted physically and emotionally to make the most 
of what they have left, so that they can be reemployed to best advantage and, thus, 
lead productive lives. In order to recreate not only the body but also the mind 
and the will power of handicapped persons, it is necessary to train many hundreds 
of physicians and literally thousands of therapists who are endowed with certain 
special qualities and who can make special efforts, beyond the average range of 
hospital duty, which will help to fit handicapped persons for employment. Such 
specially trained workers now staff the modern departments of physical medicine 
and rehabilitation in hospitals. They must act in close cooperation with all the 
other specialists in the hospital as well as with the vocational rehabilitation 
counselors and reemployment specialists outside the hospital. 

As has been said: 

Formerly, the objective of physical medicine was limited to the restoration of function of 
injured parts. The experiences of the war showed us that usually the whole man is affected 
adversely when one part of his body is disabled for more than a brief period. This adverse 
effect often is mental as well as physical; consequently, the field of physical medicine was 
expanded into rehabilitation." 

Rehabilitation has been defined as “the restoration through personal health 
services of handicapped individuals to the fullest physical, mental, social and 
economic usefulness of which they are capable, including ordinary treatment and 
treatment in special rehabilitation centers.’ Henry Kessler,® who in 1952 received 
the first of these awards, has said that 
Rehabilitation has acquired new connotations, growing out of civilian and military experience. 
It has come to be regarded as a creative process, in which the remaining physical and mental 
capacities of the physically handicapped are utilized and developed to their highest efficiency. 
It is an organized and systematic method by which the physical, mental and vocational powers. 


of the handicapped individual are improved to the point where he can compete, with equal 
opportunity, with the so-called “nonhandicapped.” 


VOCATIONAL REHABILITATION 


After the handicapped person has had his physical and emotional status improved 
in the hospital, frequently he will require vocational training in one of the excellent 
programs of vocational rehabilitation now being developed by the various state 
governments in cooperation with the Federal Office of Vocational Rehabilitation. 
In this connection, President Eisenhower,‘ in his recent Special Message to 
Congress on the Nation’s Health Problems, said: 

There are 2 million disabled persons who could be rehabilitated and thus returned to produc- 
tive work. Only 60,000 now are being returned each year. Our goal should be 70,000 in 
1955 .. . for 1956, 100,000. . . . In 1956 the states should begin to contribute to the cost 
of rehabilitating these additional persons. By 1959 with . . . states . . . sharing with the federal 
government, we should reach the goal of 200,000. 


He urged that the government extend greater assistance to the states for 
specialized training of personnel for research, for clinical facilities, for rehabilitative 
services, and for the development of community centers and special workshops. 
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Such efforts toward expansion of national and state programs for physical 
rehabilitation in the hospitals and for vocational rehabilitation are humanitarian 
projects of the greatest significance. They must be followed by increased efforts 
to obtain employment for the handicapped. 


EMPLOYMENT OF THE HANDICAPPED 

If these efforts are to be successful and happiness is to be achieved by rehabili- 
tated citizens, jobs must be waiting for them, and if we of this country succeed in 
expanding our programs for medical and vocational rehabilitation, then we must 
double and redouble our efforts to support the President's Committee on Employ- 
ment of the Physically Handicapped. It will be futile to help handicapped persons 
across the long valley from disability to employability unless there are suitable jobs 
waiting for them so that they can become self-supporting, self-respecting citizens. 
As Bernard Baruch,® who has contributed immeasurably to the welfare of the 
handicapped, has said, “The investment in rehabilitation is an investment in the 
greatest and most valuable of our possessions, the conservation of human resources.” 

Last September President Eisenhower," in an address sponsored by Admiral 
MclIntire’s committee, mentioned that there are many committees which carry the 
title of “The President's Committee,” but, he said, “there is none that engages the 
interest of my heart, or of which | am prouder, than this one.” He mentioned that 
we can, “even in war, overemphasize this question of complete physical normalcy.” 

A person who is disabled insofar as one function of the body is concerned 
usually can still perform well in many types of activity. “All a man needs is a 
heart and a brain.’” Many of the handicapped are ready, willing, and able to work, 
and so, more and more, we are finding that it is good business to hire the 
handicapped. 

Recently I reviewed for the American Medical Association a film, prepared 
by the President’s Committee on Employment of the Physically Handicapped, 
entitled “America’s Untapped Asset.” I can recommend it very highly to each of 
you. It starts with the speech by President Eisenhower, from which I have just 
quoted, and then proceeds to show how more than 600 handicapped persons have 


built up fine records as employees of a large life and casualty insurance company. 


Deaf-mutes are shown as splendid messengers who do not stop to converse 
with their associates. A deaf woman is shown, working beside a so-called non- 
handicapped person and with equal efficiency. A one-armed secretary is depicted 
performing her various duties with conspicuous ability. A one-armed man is 
shown, operating a complicated electronic machine. Finally, among others, a keen- 
eyed, gray-haired woman is shown operating a complicated machine with great 
rapidity. She had begun this work seven years before, at the age of 78 years. 
Age had not handicapped her in performing this task. What a waste it is to retire 
such persons, on a compulsory basis, at age 65 when they are capable of working 
effectively for 20 years more! 

It has been said that “we do not count a man’s years until he has nothing else 
to count.” * Let's campaign to avoid leaving these capable older people with 
nothing to count except their years. Let’s help the President’s Committee in its 
battle to keep them employed. It was Winston Churchill * who said, cogently, “you 
can measure the civilization of a people by the way they treat their older folks.” 
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If we are to persuade employers to engage the services of the many fine people 
who are handicapped in some way by age, by injury, or by disease but who still 
have capabilities which will permit them to do good work, we must continue the 
long, slow battle against the mass psychological tendency of all of us to reject the 
individual who is “different” and to conclude that “the race is to the swift”; we 
must be good neighbors, not cruel competitors. 


It has been said that nowadays it is the responsibility of the physician “not only 
to add years to life but also to add life to years”*; in other words, it is our duty 
as physicians to preserve life and also to strive to make the lives we preserve both 
productive and happy. It is, therefore, also our duty to aid in promoting employ- 


ment of the handicapped persons we have fought to rehabilitate. 


In order to reach the goal of rehabilitation and employment of 200,000 persons 
a year which has been set by President Eisenhower, we must perform a miracle of 
humanitarian endeavor. We shall need an almost religious fervor, comparable to 
that of Albert Schweitzer.'° With him, I believe that we must free ourselves from 
the overpowering domination of mass institutions and that man must learn for 
himself what is good and what is bad. He must always bear in mind the “will to 
live” of his fellow men. It is good to maintain and encourage life; it is bad to 
destroy or obstruct it. Certainly, then, it is good to maintain and encourage the lives 
of handicapped persons by finding them suitable work. We must continue to make 
extraordinary efforts to find employers who will aid these handicapped persons to 
obtain jobs and thus achieve proper rehabilitation. “Rehabilitation is a bridge, 
spanning the gap between uselessness and usefulness, between hopelessness and 
hopefulness, between despair and happiness.” " 

Often in the past I have quoted the moving statement concerning hospital care, 
retraining, and employment of the handicapped which was made many years ago by 
the famous British novelist John Galsworthy,'* at the Allied Conference on the 
Aftercare of Disabled Men. Since it is one of the most illuminating comments ever 
made concerning this subject, as I close I shall repeat it once more : 


Restoration is at least as much a matter of spirit as of body, and must have as its central 
truth: body and spirit are inextricably conjoined. To heal the one without the other is 
impossible. If a man’s mind, courage and interest be enlisted in the cause of his own salvation, 
healing goes on apace, the sufferer is remade; if not, no mere surgical wonders, no careful 
nursing, will avail to make a man of him again. Therefore, I would say: “from the moment 
he enters the hospital, look after his mind and his will; give him food; nourish him in subtle 
ways; increase that nourishment as his strength increases. Give him interest in his future. 
Light a star for him to fix his eyes on, so that, when he steps out of the hospital, you shall not 
have to begin to train one, who for months, perhaps years, has been living, mindless and will-less, 
the life of a half-dead creature.” 

That this is a hard task, none who knows hospital life can doubt. That it needs special 
qualities and special effort, quite other than the average range of hospital devotion, is obvious. 
But it saves time in the end and without it, success is more than doubtful. The crucial period 
is the time spent in the hospital. Use that period to recreate, not only the body but mind and 
will power, and all shall come out right; neglect to use it thus and the heart of many a sufferer 
and of many a would-be healer will break from sheer discouragement. A niche of usefulness 
and self-respect exists for every man however handicapped; but that niche must be found for 
him. To carry the process of restoration to a point short of this is to leave the cathedral without 
a spire. To restore him, and with him the future of our countries, that is the sacred work. 


* Bortz, E. L.: Personal communication to the author. 
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eel ltr anthrax arising from imported animal hair, wool, hides, and skins 
has been known in the United States for many years. Several detailed reports 
have been published of its prevalence in this country and elsewhere, as well as of 
the techniques employed for the recovery of Bacillus anthracis from various solid 
and liquid materials, such as lint, dust, and discharge water.* 

A case of industrial anthrax, apparently the first to be reported in the State 
of North Carolina, occurred in March, 1953, in a female employee of a newly located 
textile mill in Union County. The mill, a subsidiary of a long-established Philadel- 
phia firm, engages in the manufacture of hair canvas for use in clothing liners from 
raw materials which include cotton, rayon, and imported goat hair. Cutaneous 
anthrax is an occasional and well-known occurrence among employees handling the 
same type of hair in the industrial Northeast, where the disease arouses little 
apprehension. The single reported case was of particular concern in the rural North 
Carolina location because of the potential danger of transmission of the disease to 
livestock in the vicinity, with possible establishment of a new enzootic area. For the 
purpose of determining the extent, if any, of contamination of the premises of the 
mill with anthrax bacteria (Bacillus anthracis) and particularly in order to assess 
the possible risk of pulmonary anthrax to employees, air-sampling and other studies 
were undertaken in the plant in April, 1953. Details of the sampling procedures and 
results of the subsequent laboratory examinations are presented here. 


OCCURRENCE OF CASE 

As necessary background information, a brief description of the circumstances 
surrounding the case is included. The plant began operation in December, 1952. 
The employee, a 36-year-old white woman hired in February, 1953, had been 
operating a roving machine when she first noticed a single lesion on the left forearm 
on March 12. During the next few days the lesion rapidly increased in size and the 

From the Communicable Disease Center, Public Health Service, United States Department 
of Health, Education, and Welfare. 

* References 1 to 4. 
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entire arm became swollen. She then reported her illness, and a diagnosis of anthrax 
was made with the assistance of the plant manager, who had had previous experience 


in the recognition of the disease. The patient was hospitalized and after a successful 


course of treatment with peniciilin and sulfadiazine returned to work. 


INDUSTRIAL 


ENVIRON MENT 


All operations of the plant are housed in a large, bare-raftered, one-story build- 
ing, formerly an Army laundry. The humidity in the building is kept constant at 


about 77% in order to make the hairs pliable for weaving. Three shifts, totaling 


about 90 employees, are engaged in a series of operations summarized briefly as 


follows: Loose, rope-like coils (“tops’’) comprising rayon (sometimes wool) and 


goat hair are received from the Philadelphia plant, where the hair, imported from 


the Far East, has undergone its first mixture. It is handled in the parent plant 


without any attempt at decontamination, although occasional cases of anthrax are 


attributed to contaminated hair, At the North Carolina mill the “tops” are blended 


further with rayon, the hair content being progressively reduced to a desired pro- 


portion, and then are passed successively through two pin-drafting machines which 


produce a more intimate mixture. A roving-frame operation then twists the fibers 


into a loose thread which subsequently is spun for the looms, where it becomes the 


woof of a coarse cloth whose warp consists of cotton. This hair canvas is returned in 


bolts to Philadelphia, where it undergoes further processing before it is incorporated 


into suits and coats. 


There was present in the plant a constant heavy aerosol of dust, lint, and hair 


thrown off the machines, and masses of this tangled debris festooned the machinery 


and the bare wooden rafters. 


The anthrax problem was considered to be mainly an agricultural threat in its 


deeper implications, since it was apparent that the farm-dwelling employees, of 


whom there were a large number, might carry home infested material upon their 


persons or clothing. This constituted a potential threat of the establishment of an 


enzootic focus where none had existed. However, the investigations described here 


were directed toward determining whether anthrax spores were present in the air 


of the plant, thus posing the possibility of pulmonary infection to personnel. 


SAMPLING 


PROCEDURES AND EQUIPMENT 


ie The first specimens submitted to the Communicable Disease Center laboratories 


for examination were six samples of various mixtures of hair with wool, rayon, and 


cotton. As a result of procedures described below, two of the specimens were found 


i. positive for anthrax organisms. They were (1) “tops,” 50% wool and 50% hair, 
and (2) “blend,” 40% hair and 60% rayon. Air samples were taken as follows 


during the course of a single afternoon : 


(a) Twelve nutrient agar plates and two lysozyme-hemin agar plates * were 


exposed for one-half hour each at different times in various places about the 


machinery in a total of 10 locations. A record was kept of the sites of exposure. 


At the termination of the sampling period each of the plates was found to contain 


many hairs. 
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Fig. 2.—Shipe tangential jet impinger employed in air-sampling. 


>. 
Fig. 1—Large-volume glass Venturi scrubber powered by vacuum cleaner. 
| 
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(b) A large glass Venturi scrubber (Fig. 1), charged with distilled water and 
drawing 25 cu. ft. of air per minute (c. f. m.) by means of a Lewyt vacuum cleaner, 
was operated for 15 minutes near the pin-drafting machines, rinsed, and then 
relocated for 55 minutes among four roving machines close to the patient’s working 
area. Many hairs and much lint were taken into the sampler. 

(c) Four Shipe tangential jet samplers (Fig. 2), charged with distilled water 
and operated at about 0.6 c. f. m. by a motor-driven Gast pump, were exposed for 
20 minutes each at three different sites. two of these were run concurrently with 
the Venturi scrubber. 

(d) Four mice in one cage and two guinea pigs in another were exposed at 
different sites for a total of three and one-half hours for each animal. 


Nasal swab specimens were also taken at this time from 35 employees of two 
shifts and transported to the laboratory in sterile tubes for processing. 


LABORATORY PROCEDURES AND RESULTS 

1. The following properties were employed for the characterization of B. anthracis: 

(a) Pathogenicity for White Mice—For each test, 0.2 ml. of either a saline or a broth 
suspension was injected subcutaneously into each of two mice. When death occurred, each ani- 
mal was autopsied and the area around the injection site examined for presence of gelatinous 
exudate. Smear impressions of the exudate, of heart blood, and of cross sections of the spleen 
and liver were made upon microscope slides and upon one plate each of blood agar and nutrient 
agar. The slides were Gram-stained and examined for typical Gram-positive, square-ended, 
encapsulated bacilli in chains. Plates were streaked and incubated for 24 hours at 37 C. 

(b) Characteristic Colonial and Microscopic Morphology.—Plates streaked from saline or 
broth suspensions or from animal tissues were examined for characteristic flat, dull, ground- 
glass-like colonies, with irregular edges, typically with curved tail-like appendages. Gram stains 
and hanging-drop motility tests were made from representative suspected colonies, as were bio- 
chemical and miscellaneous reactions listed below. 


(c) Compatible Reactions in Certain Special Media. 
(1) Type of growth in nutrient broth (5) Peptonization of litmus milk 
(2) Motility in semisolid medium (6) Liquefaction of gelatin 


(3) Reduction of methylene blue broth (7) Hemolysis of a suspension of sheep 
(4) Salicin fermentation red blood cells 


2. The following procedures were routine in the handling of the various types of material : 

(a) Hair Specimens.—These were washed in a small quantity of saline which was used to 
inoculate mice and to streak plates of nutrient agar and blood agar. Following incubation, sus- 
pect plate colonies were (1) tested for motility, (2) Gram-stained, and (3) suspended in broth 
and inoculated into mice and into the special media. 

(b) Settling Plates—Suspect colonies were emulsified in a small quantity of nutrient broth 
which was used to streak nutrient agar and blood agar plates. Suspect colonies from the latter 
plates were subjected to Gram stain and motility test, and those considered typical were 
restreaked as above and also inoculated into biochemicals and mice. 

(c) Sampling Fluid from Venturi and Shipe Samplers.—These fluids were passed through 
membrane filters. Material trapped on the surface of the membrane was washed off with a 
small quantity of nutrient broth, which was used to streak agar plates and to inoculate mice. 
Suspected anthrax colonies subsequently were picked and handled as above. 

(d) Nasal Swabs.—Each was washed thoroughly in 2 ml. of nutrient broth. The broth was 
streaked on agar plates, and colonies were handled as above. 


(e) Exposed Animals.—These were observed for a period of two weeks. 
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3. The following were the criteria for the detection and identification of B. anthracis. All 
cultures considered to be B. anthracis were lethal for one or both of two mice in one to five days, 
giving typical anthrax lesions in which the bacilli could be demonstrated by stain and from 
which there could be isolated cultures which gave the following reactions : 


(a) Characteristic colonies on agar (f) Slow peptonization of litmus milk. 
plates. (g) No reduction of methylene blue. 


(b) Typical microscopic morphology. . 
(h) No fermentation of salicin in 48 
(c) Lack of motility. 


(d) Liquefaction of gelatin in 48 hours. 


No hemolysis sheep red cells. 
(e) Growth in broth appearing as sedi- (1) No hemolysis of sheep red cells 
ment, with clear supernatant and 

no pellicle. 


4. Virulent B. anthracis was recovered from the following materials : 


(a) Two of six hair specimens. (e) One of two Venturi samples. 
(b) Three of 12 nutrient agar settling ({) Neither of two exposed guinea pigs 


plates. and none of four exposed mice. 


(c) Both of two lysozyme-hemin plates. (g) None of 35 nasal swabs. 
(d) One of four Shipe samples. 
It may be of interest to note that at the spot where the patient had been working 
B. anthracis was recovered by each of three samplers, a Venturi, a Shipe, and a 
lysozyme-hemin agar plate. The other four positive settling plates were in different 
locations. 


REMEDIAL 


AND PREVENTIVE MEASURES 
As a result of these findings and of the subsequent recovery of B. anthracis by 
swab from various surfaces in the plant, steps were taken to eliminate the infectious 
organism and to prevent its recurrence. 

The plant was shut down temporarily until it could be thoroughly cleaned, dur- 
ing which time there was no importation of goat hair. When the stock already in 
the plant had been used up and shipped out, the whole building and all equipment 
were vacuum-cleaned and scrubbed. All dirt and lint were incinerated. The 
machines were washed with 20% formalin and then treated with a solvent to pre- 
vent rusting. The interior of the plant was sprayed with a 20% solution of formalin 
and the floors were soaked. The ground for some distance around the mill was also 
treated with formaldehyde. 


Since then, all hair scheduled for shipment to the North Carolina plant has been 
subjected at Philadelphia to steam at 15 Ib. pressure (120C.) for one hour. The 
management at first rejected the suggestion that this be done, feeling that the 
process would ruin the hair for further use, but apparently it has been done without 
ill effect. It has been found recently ¢ that methyl bromide and ethylene oxide may 
be of value for the disinfection of hair and wool. 


FOLLOW-UP SAMPLING 


Periodic samples of hair specimens and of air have been taken since the reopen- 
ing of the mill. The results of two examinations can be reported here. On June 29, 
1953, 11 specimens of “tops” and other hair mixtures, including floor sweepings, 


+ References 6 and 7. 
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INDUSTRIAL AIR-SAMPLING FOR ANTHRAX BACTERIA 
were submitted to the Communicable Disease Center laboratories. [ach sant- 
ple was washed in saline solution, which was subsequently injected into white mice. 
The animals were observed for a period of two weeks, and no mortality occurred, 
indicating the probable absence of virulent anthrax spores in the hair mixtures. 

The following materials collected from all parts of the plant on July 29 were 
found uniformly negative for anthrax bacilli by laboratory procedures detailed 
above: (a) 10 air samples collected by Shipe samplers; (>) 12 nutrient agar 
settling plates; (c) 14 lysozyme-hemin settling plates; (d) 9 assorted hair and hair- 
mixture samples, including newly received “tops,” finished “blend” from drawing- 
room, hair from roving machines, floor sweepings from spinning machines, filling 
for looms, and hair from finished bolts. 


COMMENT 


The high percentage of positive findings among the original air samples implies 
extensive infestation of the intramural environment with anthrax bacilli. 


In view 
of this it 


appears remarkable that no cases of pulmonary anthrax were reported. 
Since the isolates of B. anthracis proved highly pathogenic to mice, the most prob- 
able explanation of this phenomenon, unless it be assumed that man is more resis- 
tant to the disease than is usually supposed, would appear to be the relationship of 
particle size to infectivity. However, a detailed analysis of particle size in this case 
was not carried out. The absence of further cutaneous cases among the employees 
and of any involvement of livestock in the area might also suggest that optimal 
conditions and severe exposure are necessary for any extensive infection. Oppor- 
tunity for ingestion of spores was readily available but, as pointed out recently by 


Druett and associates,” the digestive tract apparently offers an unfavorable pathway 
for invasion by this organism. The same authors * 


reiterate the importance of par- 
ticle size in the determination of pulmonary infection, attributing this effect to dif- 
ferences in the sites of deposition of different-sized particles. 


SUMMARY 


The occurrence of a case of human anthrax in a newly established rural North 
Carolina textile mill led to fears that the disease might be introduced among live- 
stock in the vicinity, with possible creation of a new enzootic area. Imported goats’ 
hair which is utilized in the manufacture of hair canvas was suspected of being the 
source of the infection. Air-sampling studies were undertaken in the mill in order 
to determine whether, and to what extent, viable anthrax organisms were present. 
In addition, several samples of the hair-fiber mixtures, representing various stages 
in the manufacturing process, were examined. The following sampling devices were 
exposed in selected sites throughout the plant: open plates containing either nutri- 
ent agar or lysozyme-hemin agar; a large glass Venturi scrubber, operating at 
25 c.f.m., and Shipe tangential jet samplers, operating at about 0.62 ¢.f.m.  Virulent 
B. anthracis organisms were recovered from open plates at 5 of 10 locations sampled, 
from a Shipe sampler at one of three stations, and from the Venturi at one of two 
stations. Of six samples of hair-fiber mixtures, two were positive for B. anthracis. 
After sanitary measures taken to remove and exclude infested hair from the mill, 
subsequent air and hair-fiber samples proved negative for anthrax bacilli. 
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MINERAL CONTENT OF THE LUNGS AFTER EXPOSURE 
TO ASBESTOS DUST 


J. F. KNOX, MB. 
« AND 

J. BEATTIE, M.D. 
ROCHDALE, ENGLAND 


HE PATHOLOGICAL changes in the lungs of those who have been exposed 
to asbestos dust have been studied by many observers, but no information is 
available on the relation of these changes to the mineral content of the lungs. Four 
years ago we began to collect lungs from workers who had been employed in the 
asbestos textile industry to determine this relationship. The number of specimens 
collected was 27. As it seemed unlikely that this number would be increased mate- 
rially within the next few years, it was decided to analyze the results obtained so far. 
The studies which we have made have been modeled on the classical work of 
King and Nagelschmidt ' (1945) which was carried out on the lungs from workers 
in the South Wales coal field. Our problem was in many ways simpler than theirs, 
for, while they had to consider several minerals as possible pathogenic agents, only 
one mineral (asbestos) was likely to be present in quantity in the lungs of asbestos 
workers. In their study different occupations had different mineral hazards, but 
in the asbestos textile industry the mineral constituent of the inhaled dust was the 
same in all occupations within the industry. The identification of the mineral con- 
stituents of the ash obtained from the incineration of the lungs forms the subject 
of another paper. 


MATERIAL 


The workers from whom the lungs were obtained included both men (21) and women (6). 
The ages at death ranged from 31 to 74 years. The age distribution at death was as follows: 


Over 64 Years 55-64 Years 45-4 Years Less than 45 Years 
4 10 9 4 


The occupation of each worker was known, and details of the duration of exposure to asbestos 
dust and the interval between the last exposure and death were available to us. The lung material 
was placed at our disposal by the pathologists who had carried out the autopsies. They also 
provided us with reports on the microscopical appearances of the lungs from which it was 
possible to estimate the degree of pathological change which was present in those cases with 
asbestosis. 

Some of the material was fragmentary, but complete lungs or whole lobes were available in 
most specimens. The mineral content was determined on “apparently healthy lung tissue” 
(Gloyne?). Where possible, samples of the lung parenchyma were taken from all lobes as 
thin slices to provide a complete section through each lobe. Hilar tissue and tissue from the 
pleural and subpleural regions were removed from these slices. The strips were dried to con- 
stant weight and then powdered. After incineration at 380 C. the ash was treated with dilute 
hydrochloric acid and then washed with distilled water by centrifuging. This technique has been 
described in detail by King and Nagelschmidt.' The weight of the incombustible and acid- 
insoluble residue was expressed as milligrams per gram of dried lung tissue. Samples were also 
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taken from the hilar region and also from the pieural and subpleural tissue when this was 
markedly thickened. These specimens were incinerated separately and their mineral content 
determined in the same way as that of the parenchyma. 

The pathological reports indicated the degree of asbestosis present, and this degree was 
assessed on the character and extent of the fibrosis. Three degrees of asbestosis were recognized : 
minimal or slight (+); moderate (++), and severe (+++). Where no asbestosis was present, 
this has been indicated in the appropriate Table with a minus sign. 

The cause of death was not necessarily related to asbestosis or other pulmonary lesions. For 
example, in the 27 cases there were five deaths due to coronary occlusion, one to cerebral hemor- 


Mineral Content of Lung Tissue—Incombustible and Acid-Insoluble Ash 


Exposure 


Time, Yr. Mean Mineral Content, 
— Survival Mg./Gim. Dried Lung 
Case Before Time, 
No. Sex Total 1932 wr. Lung Hilus Pleura Asbestosis 


69 


3.5 
12 3.7 
3.0 5. 
25 M 0 3.2 3.9 

y 32 


= 


rhage, two to nonpulmonary carcinoma, and one to an ascending renal infection. There were 
three deaths due to cardiac failure in cases in which no asbestotic change was present and four 
deaths from the same cause in cases with only minimal asbestosis. 


DUST HAZARD 

In the early days of the asbestos-textile industry the atmosphere in the working 
areas was exceedingly dusty. By 1932 measures to reduce dust concentration in 
these areas became effective, and since then there has been a continuous improve- 
ment. Of the 27 cases in this series, 17 had been exposed to pre-1932 conditions. 
This exposure amounted to 168 man-years out of a total exposure time of 411 man- 
years. The pre-1932 exposure is given in each of the cases shown in the Table. 


RESULTS 


The relevant data for each case have been summarized in the Table. As a matter 
of convenience, the cases have been arranged in order of increasing survival time, 
which is defined as the time interval between the last exposure to dust and death. 
24 


e 
M 7.5 ++ 
+ 
4 
2 M 27 59 77 74 +++ 
M 2s 10 + 
| F 33 12 79 8.2 
4 F M4 2.9 7A 2.1 + 
0 24 7.5 3.7 + 
6 M 22 5 5s 91 a6 
M 2:7 8.7 + 
M4 M 27 6.7 7A + 
22 M 7 0 > 2.2 6.6 41 - 
M 23 11 7 5.2 8.2 69 +++ 
27 M 45 61 +++ 
20 M 2 8 6.2 7.2 + 
8 F 27 15 a4 68 
13 M 27 4 s 5.3 6.3 + 
7 F 6 0 9 15 8.2 3.9 + 
28 M 5 0 ll 1 
M 22 15 “4 3.1 5D 4.7 +++ 
M 19 12 34 +++ 
M 1 17 34 6.2 
16 M 10 y 21 2.1 7.6 5 + 


MINERAL CONTENT OF LUNGS AFTER ASBESTOS EXPOSURE 


I-xposure time and survival time have been given to the nearest year. \When the 
survival time is shown as zero years, the interval between last exposure and death 
was less than six months. 

Rate of Accumulation of Mineral Material in the Lungs.—The rate at which 
mineral matter accumulates in the lungs is the resultant of the rate at which the 
material is inhaled and held in the lungs and the rate at which such material is 
removed. Some indication of the mean rate of accumulation may be obtained from 
the six cases that died within six months of the last exposure to dust. This mean 
rate was 0.25 mg. per gram of dried lung per year (S. D. + 0.08, S. E. + 0.03). It 
is permissible to regard these cases as a homogeneous group, for, although two cases 
had been exposed to pre-1932 conditions, this exposure amounted to only 11 man- 
years out of a total exposure time of 54 man-years. The high standard deviation 
of the group indicates a very variable rate of accumulation. Assuming that the rate 
of removal of mineral material from the lung (after exposure to dust had ceased ) 
is slow relatively to the rate of accumulation during dust exposure, then the mean 
rate of accumulation, calculated from 14 cases that died within three years after 
the last exposure to asbestos dust, might be expected to approximate that calculated 
from the six cases with six months or less exposure time. The mean rate was found 
to be 0.24 mg. per gram of dried lung per year (S. D. + 0.06, S. E. + 0.02). Again 
it is clear that the rate of accumulation of mineral matter is very variable. It should 
be pointed out that this group of 14 cases had a total survival time of 17 man-years, 
in contrast to a total exposure time of 278 man-years. 


Rate of Removal of Mineral Matter from the Lungs.—Al\though it would appear 
from an inspection of the data in the Table that mineral matter disappeared from 


the lungs as the survival time increased, it is not possible to obtain a reliable estimate 
of the rate at which mineral matter is removed from the lung. An approximation, 
however, may be obtained by calculating the expected content of the lung in cases 
that survived from more than 10 years after the last exposure to asbestos dust, using 
the mean value calculated above for the rate of accumulation and then subtracting 
from this the mineral matter found. The difference expressed as milligrams per 
gram of dried lung per year would thus be an approximation to the mean rate of 
removal. This value was found to be 0.04 mg. per gram of dried lung per year. 
Beyond indicating that the rate of removal of mineral matter is slow relative to the 
rate of accumulation, this figure has little value. 

Mineral Matter in the Hilar and Pleural Regions.—As the hilar region of the 
lung contains large masses of lymphoid tissue into which drain lymphatics from 
the lung parenchyma, it may be presumed that if mineral matter migrates out of 
the lung parenchyma it would tend to accumulate in this tissue. Calculating the 
mean rate of accumulation of mineral matter in the hilar region from the six cases 
that survived for less than six months after the last exposure to asbestos dust, this 
yalue was found to be 0.34 mg. per gram of dried lung per year (S. D. + 0.15, 
S. E. + 0.06). Even when this rate is calculated from the 13 cases that survived 
for three years or less and whose hilar regions were studied, the mean value is the 
same but the standard deviation is + 0.2, with a standard error of 0.06. It is clear 
that the rate of accumulation of mineral matter within the hilar tissue, while not 
significantly different from the rate at which the mineral matter accumulates within 
the lung parenchyma, is very variable and the mean value is only about 40% higher 
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than the mean rate of accumulation within the lung parenchyma. It would thus 
appear that the mineral material removed from the lung can pass through the hilar 
lymphatic tissue or that an alternative route of removal exists or that the mineral 
matter is dissolved in the lung parenchyma as Gloyne * suggested. The discovery 
by Stewart and associates * that asbestosis bodies may be present in the spleen is 
presumptive evidence that such bodies or asbestos particles reach the blood stream 
either from the lung or from the intestinal canal. It would appear more probable 
that asbestosis bodies in the spleen are of pulmonary origin, presumably reaching 
there as asbestos particles. 

The alternative route of lymphatic drainage from the lung through channels 
which reach the pleural surface and eventually enter extrapulmonary lymph nodes 
would appear to be of some importance, as it has been shown in the Table that the 
pleural and subpleural tissues contain high concentrations of mineral material. It is 
unlikely that this route becomes important until drainage through the hilar lymphatic 
tissue is obstructed, presumably by fibrotic changes consequent on the presence there 
of fibrogenic matter. 

While solution of the asbestos fiber in situ within the lung parenchyma is a pos- 
sibility, our data supply no evidence either in support of or against this method of 
removal of mineral material, Transportation of asbestos fibers and asbestosis bodies 
by macrophages has been observed frequently (Gloyne *), and it would appear that 
this method of removing mineral material from the lung parenchyma is probably 
the usual one. Gloyne,’ as the result of his long experience with the pathological 
appearances of the lungs in asbestosis, was of the opinion that asbestos was removed 
from the lungs. He stated that in “long-standing” cases there was less asbestos and 
fewer asbestosis bodies present than in the lungs of workers more recently exposed 
to asbestos. Moreover, because the size of the asbestos fibers and of the asbestosis 
bodies was less in the “long-standing” cases, he thought that in time the asbestos 
fibers were dissolved. It is not clear whether the “long-standing” cases were cases 
of long exposure with short survival times or cases of long survival times or both. 
The presumption is that his “long-standing cases” were those that had survived for 
a long time after the last exposure, as lungs from cases with a short survival time 
would have shown much raw asbestos material of all lengths (Beger °). The demon- 
stration that mineral matter existed in large concentrations in the hilar and pleural 
regions in our series supports Gloyne’s view that mineral matter leaves the lungs, 
but it leaves unsettled the question whether solution of the mineral may take place. 


Relation of Mineral Content to the Severity of Asbestosis.—It has been sug- * 
gested above that the amount of mineral matter in the lung parenchyma probably 
varies directly with the exposure time and inversely with the survival time. Although 
the rate of removal is probably low, it is a factor which must be taken into account. 
When the concentration of mineral matter in the lung parenchyma is compared with 
the degree of asbestosis found, there is no correlation between content and the sever- 
ity of the pathological changes. 


Mineral Content, Mg./Gm. Dried Lung 


3.8 (8S. E. 0,82) 4.1 (8. E. 0.54) 69 4.8 (8. E. + 0.45) 
No Minimal Moderate Severe 
Asbestosis Asbestosis Asbestosis Asbestosis 


§ cases 


1] cases 1 case 


7 cases 
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MINERAL CONTENT OF LUNGS AFTER ASBESTOS EXPOSURE 


As there is no reason to assume that the effect of asbestos on the lung tissue 
ceases when the worker is withdrawn from exposure to dust, it would appear that 
a better correlation might exist between the combined exposure and survival times, 
on the one hand, and the pathological changes, on the other. 


Mean Values for Combined Exposures 
and Survival Times, Yr. 


No Minimal Moderate Severe 
Asbestosis Asbestosis Asbestosis Asbestosis 
20 (8. E. + 3.9) 23 (8. E. + 2.6) 26 $2 (S. E. + 1.1) 
5 cases 1] cases 


1 case 7 cases 


These figures indicate that there is no significant difference between the mean 
combined exposure and survival times in the groups which showed no asbestosis 
at death and those which showed minimal asbestosis changes. It may be significant 
that there was a small standard error in the seven cases with severe asbestosis, 
which had a mean combined exposure and survival time of 32 years. 

It must be understood that the degree of asbestosis found in these cases may 
have existed for some time before death occurred. It cannot be concluded from 
these figures that when asbestosis occurs with a combined exposure and survival 
time of around 30 years such asbestosis must necessarily be of the severe type. On 
the other hand, it is remarkable that all the cases of severe asbestosis were found 
within 29 to 35 years after the first exposure to asbestos dust. 

It may be noted here that, while there is a clear indication that in the cases of 
asbestosis in this series mineral content tended to decline with increasing survival 
time and an equally clear indication that the severity of the lesion was associated 
with a lengthening of the combined exposure and survival times and not with increas- 
ing mineral content, the experience of King and Nagelschmidt! in their study of 
the pneumoconiosis of coal miners was that the severity of the pathological lesions 
was in general related to the mineral content of the lungs (siliceous minerals ). 


COMMENT 


The small number of cases in this series makes it difficult to draw statistically 
valid conclusions. While it is true to say that severe asbestosis was not observed 
in persons surviving less than 29 years from the first exposure to asbestos dust, it 
is not true to say that those who survive for around 30 years from the first exposure 
to dust must necessarily develop severe asbestosis. The series contains cases that 
survived for this length of time and yet did not develop asbestosis or showed only 
slight pathological changes. Obviously there are differences in susceptibility to 
asbestos dust inhalation, such as King and Nagelschmidt found in coal mines. These 
observers were of the opinion that a long working life was compatible with a long 
survival time and suggested a positive correlation between these times. Our figures 
for asbestos workers do not indicate such a correlation. While we can agree in gen- 
eral that the amount of mineral material in the lungs declines with lengthening sur- 
vival time, we have not found that with increasing length of exposure to asbestos 
there is a decline in mineral content. The reverse was found. The difference 
between the experience of King and Nagelschmidt and ours would seem to be 
explained by the relatively rapid clearance of siliceous material from the lungs which 
occurred in some cases of pneumoconiosis and the relatively slow rate of clearance 
which would appear to obtain in our cases. Moreover, susceptibility to asbestos is 
not a matter of being able to clear material from the lungs more rapidly in the least 
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susceptible cases and more slowly in the more susceptible cases. Our finding that 
asbestosis was noted at death only in the third decade after the first exposure and 
the severe form at the end of this decade or later suggests that the cause of the patho- 
logical findings may not lie in the mere presence of the raw asbestos fiber but rather 
in the breakdown of the asbestosis bodies formed around such fibers. 

Experimental asbestosis as produced by the workers at Saranac Laboratory 
(Vorwald and associates") appears within a very short time after the beginning 
of exposure to the dust concentrations used and is well established within two years 
after the first exposure. On withdrawal from the dusty conditions, the fibrotic 
changes do not progress but rather tend to regress. Gardner’? suggested that the 
changes in experimental asbestosis were due to the local irritative properties of the 
flexible asbestos fiber. It is possible that such fibrotic changes may occur in man 
after relatively short exposures to asbestos dust and yet not produce any clinical 
symptoms. If this effect of the physical presence of the asbestos particle or fiber 
were the only cause of human asbestosis, it would be difficult to explain why the 
mean time for the development of pathologically recognizable minimal asbestosis 
was 23 years and that for the development of the severe type was 32 years. It 
appeared to us that a more probable explanation of the appearance of the fully devel- 
oped human lesions was to be found in the consideration that products of disinte- 
gration of the asbestosis bodies were a relevant pathogenic factor. Disintegration 
of these bodies is a slow process and may take several decades. On this point, how- 
ever, we have no precise information. Beger® has figured what appear to be suc- 
cessive stages in the disintegration of the asbestosis body. 

The idea of Vorwald and associates ® that only asbestos fibers within a certain 
size range are pathogenic cannot be dismissed as unimportant in the etiology of 
human asbestosis. The fibers in this size range are those which obtain lodgment 
in the distal air spaces of the lungs. It is conceivable that particles below the lower 
limit of the critical size range are removed soon after inhalation by macrophages 
and deposited elsewhere. Fibers above the critical size range may not reach the 
distal air spaces in sufficient numbers and so be removed mechanically along the 
airway. Those which remain in the lung parenchyma are almost certainly converted 
into asbestosis bodies, which appear to be inert as fibrogenic agents (Vorwald and 
associates °). 

(ur findings, therefore, lead us to the conclusion that in man the onset of asbes- 
tosis is not determined by the absolute amount of mineral material present in the 
lung parenchyma but is related to changes occurring in the inhaled material after 
a time interval from first exposure, which may be as long as 20 to 30 years. As a 
result of these changes, a fibrogenic agent is released which is capable of exerting 
its effect under favorable circumstances. The nature of this agent is unknown, and 
the environmental factors are not yet clarified. 


SUMMARY 


The mineral content of the lung parenchyma, the lung hilar region, and the 
tissues of the pleural and subpleural regions of the lung has been determined in 
lungs from 27 workers in the asbestos-textile industry. The exposure time varied 
from 5 to 33 years, and the time interval between the last exposure to dust and death 
(survival time) was from less than 1 year to 21 years. 
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There was an indication that the mineral material found in the lungs increased 
in amount as the exposure time lengthened. The amount so accumulated varied 
considerably from person to person. As the survival time increased, the mineral 
content of the lung tended to decline but again at a very variable rate. 

The severity of the asbestotic lesions in the lungs found at death was related 
not to the mineral content but to the sum of the exposure and survival times. 


The Directors of Turner Brothers Asbestos Company, Ltd., cooperated in this work and 


made a grant toward the expenses of the study. Further assistance was rendered by pathologists 
and personnel managers. 
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DISTRIBUTION OF MINERAL PARTICLES AND FIBERS IN THE LUNG 
AFTER EXPOSURE TO ASBESTOS DUST 


J. F. KNOX, MB. 
AND 


J. BEATTIE, M.D. 
ROCHDALE, ENGLAND 


S THE result of experimental work on the production of asbestosis in animals, 

Vorwald and associates ' concluded that typical peribronchiolar fibrosis was 
produced when the particle length of the inhaled asbestos dust lay between 20 and 
50 w. The asbestos caused fibrosis by the mechanical action of the fiber on the lung 
tissue. When the animals were withdrawn from the dusty atmosphere, the lesions 
did not progress but rather tended to regress. Asbestosis bodies, formed around 
inhaled asbestos fibers, were found to be inert as fibrogenic agents when they were 
injected into the trachea. The length of exposure to dust necessary to induce typical 
fibrosis by inhalation was between one and two years. 

In the series of cases which we have studied and reported on before (Knox and 
Beattie *), we noted that the time interval between the first exposure to asbestos 
dust and the appearance of asbestosis in autopsy specimens was not less than 12 
years. It appeared to us that the long interval between first exposure and the 
appearance of typical fibrotic changes indicated that the mechanism for the pro- 
duction of human asbestosis differed from that responsible for the experimental 
type. If the mere presence of asbestos particles within a critical size range was the 
essential factor in the production of human asbestosis, it would be difficult to explain 
why so many persons escape any asbestotic change even when exposed for more 
than 30 years. It is generally agreed that soon after inhalation the majority of the 
asbestos fibers become included in the asbestosis bodies. The experiments of Vor- 
wald and his co-workers suggested that these structures are inert but the bodies 
do not remain as intact structures indefinitely. With the passage of years they 
become “weathered,” eroded, segmented, and finally fragmented (Cooke,’ Mc- 
Donald,* Gloyne,® Beger,® Gloyne*). It was thus possible that in man the fibrotic 
changes in the lung might be related to this process of disintegration of the 
asbestosis body. 

We have noted already that the degree of asbestosis appeared to be correlated 
more closely to the sum of the years of exposure to dust and the years of survival 
after the last exposure than to the total mineral content of the lung parenchyma 
(Knox and Beattie*). This finding suggested that, if disintegration of the 


The Directors of Turner Brothers Asbestos Company, Ltd., supported this study by making 
a grant to meet the expenses involved. Further assistance was rendered by pathologists and 
personnel managers. 
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asbestosis bodies was an essential factor in the production of fibrotic change, then 
there ought to be a change in particle-size distribution in the direction of a fall in 
the numbers of the larger particles as survival time increased. The formation of 
large numbers of smaller sized particles, however, might not be apparent in the 
counts, if the rate at which such particles were removed from the lungs kept pace 
with their rate of production. On the other hand, if the rate of production were 
greater than the rate of removal, then it might be possible to determine if fibrotic 
change were correlated with a rise in the small particle-size counts. 


MATERIAL AND METHODS 


The series of cases studied was the same as that reported in our paper on mineral content 
of the lungs (Knox and Beattie?). There were 27 workers, 21 men and 6 women. The duration of 
exposure to asbestos dust varied between 5 and 33 years, and the length of time from the last 
exposure to death ranged from less than 1 year to 21 years. The cases have been arranged in 
order of increasing survival time. The exposure and survival times are given to the nearest year. 
Asbestosis has been graded into three degrees according to the pathological reports based on the 
histological appearances found in the lung parenchyma. 

Particle-size distributions were determined on the incombustible and acid-insoluble residues 
of lung parenchyma prepared by the method of King and Nagelschmidt.* Pooled samples of these 
residues were made from each lung and, after mixing, small aliquots were taken. After being 
moistened with a wetting agent, the aliquots were suspended in an appropriate volume of water, 
care being taken to prevent flocculation and the inclusion of air bubbles. A drop of the suspension 
was then placed on a microscope slide and a drop of polyvinyl alcohol added to the suspension. 
Fluid was then dried off on an electric hot plate. Five slides were prepared from each aliquot 
and four aliquots prepared from each pooled sample. The slides were placed in a microprojection 
apparatus and the image of the particles projected on a sheet of paper at a magnification of 
x 1,000. Light-field illumination was used. Fifty fields were counted on each slide. Care was 
taken to obtain a suspension sufficiently dilute to ensure accurate counting. The number of 
particles in each of the following size ranges was counted: 


Less than 5 Between 26 and 35 « 
Between 5 and 15 u Between 36 and 45 « 
Between 16 and 25 « 


Over 45 u 


Light-field illumination was chosen to facilitate counting of large numbers of fields. It was 
realized that with this method very small particles would not be counted, and consequently the 
values given for counts in the smallest size range would be less than the true values. 

To facilitate comparison of the different particle-size distributions, the number of particles in 
each size range is expressed as a percentage of the number of particles found in the size range 
16 to 25 mw in each lung specimen. 


OBSERVATIONS 

The particle-size distributions in the residues from the lungs of the 27 cases 

. are given in the Table. As the residues from which the distributions were deter- 
mined were pooled samples from different areas of the lung parenchyma, it was 
possible that such pooling might introduce considerable errors if the particle-size 
distribution varied significantly from area to area. It was found from a study of 
particle-size distributions from samples representing different areas of the lungs 
from four cases that particle-size distributions did not vary significantly from area 
to area within the same lung. The mean distributions given in the Table are there- 
fore representative of the distribution within the whole lung. 
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Total Sur- Mean Particle Counts 
Exposure vival Asbestosis, ——— a =, 
Case Time, Time, — Less Over 
No. Sex Yr. Yn. + 16-254 36-454 45 
3 M 26 0 +4 364 198 100 é3 21 0 
23 M 28 0 + 458 217 100 42 0 0 
26 M 20 0 + 510 290 100 51 15 6 
9 M 11 0 a 612 389 100 62 18 11 
17 M 12 0 + 304 281 100 79 9 2 
25 M i 0 - 627 329 100 38 17 21 
12 F 32 1 _ 501 257 100 48 0 17 
2 M 27 2 +++ 689 387 100 33 0 9 
5 M 28 2 + 433 225 100 SO 17 8 
21 F 33 2 “= 573 381 100 4 2 6 
4 F MM 2 “He 627 296 100 62 20 5 
19 F 8 2 + 522 359 100 41 8 7 
6 M 22 3 + 421 325 100 51 25 17 
10 M 9 3 — 510 322 100 5 20 0 
4 M 27 4 + 517 281 100 46 18 2 
22 M 7 6 —_— 486 369 100 31 12 0 
1 M 23 7 610 487 100 0 0 0 
27 M 21 fo) ptt 786 621 100 22 2 0 
20 M 25 8 ete te 829 OM 100 4 0 
8 F 27 & + BYR 591 100 4 1 1 
13 M 27 s + 496 821 100 0 0 0 
7 F 6 9 aa 611 418 100 0 2 0 
28 M 5 11 _ 587 292 100 0 0 0 
1 M 22 “4 +++ 720 Aga 100 0 0 0 
a M 19 4 ++4- 1,006 707 100 0 0 0 
15 M 14 17 _- 529 386 100 2 0 0 
16 M 10 21 ++ 647 411 100 9 0 0 
No. of 
particles 
700Pr 
600Pr 


ps asbestosis 
inimal 
200 asbestosis asbestosis 


Chart 1.—Mean particle counts in the less than 5 # and the 5 to 15 # ranges in cases with no 
asbestosis and in those with minimal and severe asbestosis. The standard deviation for each mean 
value is given by the verticle line through this value. These counts were made on the incombust- 
ible and acid-insoluble residue of lung parenchyma. 
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Relation of Particle Size to Degree of Asbestosis —In those cases which showed 
severe asbestotic changes in the lung parenchyma, the mean number of particles 
less than 5 » in length was 791 (S. D. = 134, S. E. + 55). In the size range 5 to 
15 » the mean count was 562 (S.D. + 106, S.E. + 43). Cases with minimal 


© no asbestosis 
Particle minimal 

moderate 

@ severe 


i 
20 30 40 
YEARS 
EXPOSURE AND SURVIVAL 


or 


Chart 2—Mean particle count in the less than 5 # range for each case in the series plotted 
against the sum of the exposure and survival times. 
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Chart 3—Mean particle count in the 5 to 15 # range for each case in the series plotted 
against the sum of the exposure and survival times. 


asbestosis gave a mean count of 512 (S.D. + 85, S. E. + 26) in the less than 5 p 
range and 311 (S.D.+ 57, S.E.+ 17) in the 5 to 15 » range. Cases with no 
asbestosis gave corresponding counts, as follows: less than 5 p, 503 (S. D. + 66, 
S. E. + 23) and from 5 to 15 p, 332 (S.D.+ 45, S.E.+ 16). The results are 
shown graphically in Chart 1. 
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While there is a significant difference between the counts in both size ranges 
from the cases of severe asbestosis and those with minimal changes, there was no 
significant difference between the counts from cases with minimal asbestosis and 
those with no asbestosis. 

When the mean counts in the less than 5 » range are plotted against combined 
exposure and survival times for those cases which showed either no asbestosis or 
minimal asbestosis, there is a remarkable uniformity in the counts within fairly 
narrow limits as time increases after the 12th year from the first exposure (Chart 
2). On the other hand, the counts in the cases of severe asbestosis show higher 
values. When the counts for the size range 5 to 15 » are plotted in the same way, 
the results are the same (Chart 3). There is again great uniformity in the counts 
over the combined exposure and survival times from the 8th to the 35th year for 
cases with minimal or no asbestosis. Cases of severe asbestosis showed higher 
counts. 
COMMENT 

It is remarkable that in the cases studied the number of particles with a greatest 
length in excess of 26 » should have disappeared almost completely from the lung 
parenchyma when the survival time was more than eight years. This finding sup- 
ports Gloyne’s * opinion that in long-standing cases of asbestosis the number and 
size of both the asbestos fibers and the asbestosis bodies seen in histological 
preparations were less than in those cases more recently exposed to asbestos dust. 
Gloyne, however, was not the first to express this opinion. Prof. M. J. Stewart,* 
in a private communication concerning one of Gloyne’s cases, stated : 

There is no doubt also about absorption of asbestos bodies and asbestos fibres going on in 
the lung. Indeed, it is only by the solution of the bodies that the ill effect is produced. I have no 
doubt that this process of solution of the asbestos fibres will vary as to its rate of progress in 


different cases, and that in some cases asbestos fibres (and consequently bodies) may, after 
many years, disappear completely, leaving behind the fibrotic lesion which they induced. 


If the cases of severe asbestosis be excluded, the particle counts in both the less 
than 5 » range and in the 5 to 15 w range showed no significant change as the 
combined exposure and survival time increased. Moreover, there was no significant 
difference between the particle counts in either of these size ranges of cases with 
no asbestosis and those with minimal changes. It would appear therefore over a 
long period of time either that there was no movement of asbestos or asbestos- 
derived particles from the lungs or that the rate at which small particles were 
produced from larger ones was almost equal to the rate at which they were removed 
from the lungs. As we have produced some evidence that the mineral content of 
the lung tends to decline with increasing survival time, the latter alternative is the 
more probable. 

When the cases of severe asbestosis are considered, it is clear that the signifi- 
cantly high counts in the small particle ranges must indicate either a much more 
rapid breakdown of larger particles or a fall in the rate at which the small particles 
are removed. Although it is more probable that the rise in the small particle counts 
in the cases of severe asbestosis is due to reduced rate of removal, there is no 


* Stewart, M. J.: Personal communication to the authors from Prof. M. J. Stewart, formerly 
Professor of Pathology, Leeds University. 
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conclusive evidence that this is so, other than the fact that in these cases, as we 
have shown already, both the hilar and pleural and subpleural tissues contain much 
mineral material (Knox and Beattie *). 

The association of high counts in the small particle ranges with severe asbestosis 
and the absence in three of these cases of any fibers with a greatest length in excess 
of 26 » suggest that human asbestosis, at least of the severe type, is not due to the 
mere presence within the lung of particles with greatest lengths within a critical 
size range of 20 to 50 pw. The high counts of such critical size fibers in many of the 
cases with no asbestosis or minimal fibrosis and with long exposure and short 
survival times would suggest that the mechanism for the production of clinically 
. recognizable asbestosis differs from that which induces peribronchiolar fibrosis in 

experimental animals. 

Our findings thus indicate that a rise in the numbers of small mineral particles 
derived presumably from the breakdown of asbestosis bodies is associated with 
severe fibrotic changes in the lung parenchyma. This implies that either these 
particles or some other product of the breakdown of the bodies can exert a fibro- 
genic effect on lung tissue. If these products are removed as rapidly as they are 
formed, then either no asbestosis develops or a minimal degree of change occurs. 
It is suggested above that a reduced rate of removal of these products may be due 
to partial blockage of the drainage routes from the lung, i. e., either toward the 
lung hilus or toward the pleural surface. It is conceivable that any pathological 
process which would cause any inflammatory change in the hilum or in the lymph 
nodes into which the pleural lymphatics drain might cause a further reduction in 
the drainage rate and might precipitate the onset of severe fibrotic changes. Cardiac 

decompensation too might be a factor in the precipitation of these changes. 


SUMMARY 


The particle-size distributions in the incombustible and acid-insoluble residues 
from the lungs of 27 persons who had been exposed to asbestos dust were 
determined. 

The number of particles with greatest lengths in excess of 26 ~ was considerable 
up to the eighth year after the last exposure to asbestos dust and then sharply fell. 

The number of particles within the size ranges of 5 » and less and between 5 
and 15 » remained constant over a very long period in those cases which showed 
no sign of asbestosis or minimal fibrotic change. The cases of severe asbestosis 
showed a significant rise in the numbers of such particles. 

It is considered that the mechanism which is concerned with the production of 
human asbestosis is not the same as that which is responsible for the production of 
asbestotic changes in experimental animals exposed to high concentrations of 
asbestos dust. The appearance of such changes appears to be related to the break- 
down of asbestosis bodies which may liberate some fibrogenic agent. 
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BATCH PROCESSING OF FILM FOR RADIATION PROTECTION 
OF PERSONNEL 


R. J. MAGILL 
BERKELEY, CALIF. 


ILL.M-BADGE dosimetry is a convenient method for measuring personal expo- 

sure to x-rays and gamma radiation. Its use has been extended to monitor other 
radiation, such as neutrons, both slow and fast. 

The response of the film in optical density is calibrated against the exposure, 
typically in roentgens, causing the density. Owing to variations in spectral sensi- 


tivity of the emulsion and also that variation caused by the holder, it is necessary 


to calibrate the process by exposing the film to several different measured amounts 
of radiation at each energy level at which it is expected to be used. 

The response of any typical film packet will be reasonably “flat” in two regions : 
either gamma radiation over 0.15 mev or diagnostic x-rays (lightly filtered with 
energies from 50 to 150 kvp). The sensitivity of the film to radiation in these two 
“flat” areas is typically such that if an exposure to diagnostic x-rays produces a 
density of 1 then 10 times this exposure to gamma radiation would be required to 
produce this same density. A typical calibration curve for Eastman Kodak Type K 
film for x-ray and for gamma radiation shows the two curves are exactly the same 
except for horizontal translation (Fig. 1). 

The accuracy of film dosimetry obviously is highly dependent on controlled 
conditions of development. The time-temperature relationship to the gamma of the 
developed image holds for this case, but since measurements are made by com- 
parison with known exposures usually not developed at the same time, it is neces- 
sary to use fixed values for both time and temperature. The developer must be as 
chemically exact as possible. If it is used for large areas of film or allowed to stand 
for protracted periods of time, it must be compensated for exhaustion and oxidation. 

Agitation is an important factor which is often neglected. Development of an 
exposed area of a film is dependent on replacing exhausted developer in the emul- 
sion. In the case of development in a still tank, there is some interchange of 
developer from the solution into the film. The exhaustion products tend to flow 
down the film. According to C. E. K. Mees,' a variation in density of as much as 
10% from the top to the bottom of a film may result. Various workers in the field 
of sensitometry have made studies of the effect of agitation on development. The 

From the Division of Radiation Safety, University Health Department, University of 


California. 


Presented at the 15th annual meeting of the American Industrial Hygiene Association, 
Chicago, April 26-29, 1954. 
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effect of the rate of agitation turns out to be the conventional one of eliminating 
the boundary layer of liquid formed on a solid surface in laminar flow. Effective 
agitation for reproducibility of results will then be at a rate faster than the laminar 
region. Some recent work by Morgan and Van Allen * indicates that development 
is constant for rates of flow over the film above 1% in. (3.8 cm.) per second, These 
authors found that for their system of reciprocating paddles traveling close to the 
film the upper limit of this straight line portion of the agitation-development effect 
was 4% in. (11 cm.) per second. This upper limit is no doubt dependent on the 
method of agitation used. 


Development of the film badge is usually done with equipment designed for 
dental x-ray work, since the film sizes are the same. This equipment functions 
smoothly for dental work, but a system designed for quick inspection during 
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Fig. 1.—Calibration curve for film dosimetry (Eastman Kodak Type K, five minutes at 
70 F. in Kodak liquid x-ray developer). 


processing and for a steady work load seems to impose an unnecessary burden on 
the inherent accuracy of processing. 


Two other systems of handling seemingly are more desirable for densitometric 
accuracy. In one method all films for an exposure period are processed at once in 
a compact, light-tight tank, with holders firmly supporting the film. The second is 
a continuous system, such as that used for motion-picture film, in this case with 
the pieces of film carried on a belt. Owing to relative cost and the set-up and clean-up 
time required for the continuous system, it would not seem feasible to use this 
method for less than 1,000 films per exposure period. 

In the Table the various factors influencing development are considered in 
relation to the three systems of processing previously discussed. “Batch” denotes 
the small-tank process in which all films are developed in one load; “group,” the 
dental operation in which part of the film is given batch processing ; “continuous,” 
as mentioned previously. 
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Batch-processing equipment represents the minimum investment and leads to 
the shortest working time for a work load between 10 and at least 1,000 films per 
exposure period. A brief description of the steps in processing should make this 
clear. After collection, the films are usually identified by numbering them. To 
accomplish this, the film may either be perforated by a modified check writer or be 
exposed to x-ray through a suitable perforated filter. In a darkroom lit only by a 
paper safelight (Wratten OA), the films are removed from their packets and loaded 
into holders. This part of the process would be common to any use of the usual 
dental film packets. In the batch method the loaded holders are placed in a relatively 
small tank with a light-tight cover. Regular illumination may be used after this, 
so that the darkroom need consist of only a closet with 3 ft. (91 cm.) of bench top. 
Fresh solutions of the developer and the fixer are stabilized at the correct temperature, 


Process Comparator for Factors Influencing Development 


Factor Batch Group Continuous 
Developer Small amount 400 films per 5 to 15 gallons Requires only enough to 
gallon avoid exhaustion; prob- 
ably with continuous re- 


plenishment 


Changes in developer Use fresh for each bateh of Large quantity makes complete Continuous addition to 


™m change expensive; calculation tanks during run at rate 
A. Exhaustion for replenishment based on num- based on experience 
B. Oxidation ber of films run and time stand- 
©. Metallic ion ing; temperature and air added 


loading usually neglected 


~ 


Time + 5% absolute; errors can ‘areful attention required for pro- Practically exact 
be compensated in read- tracted period 
ing 


Temperature Requires only bringing solu- Thermostatic control required; pos- 
tions, sometimes tank, to sibly refrigeration if cold water 
correct temperature; tem- supply goes over 70 F. 

perature change, < 1 F. 

in 5 min. 


Same as “Group” 


Agitation 


Required due to close film Usually none; up to 10% density Inherent; may be increased 
spacing; simple to cireu- variation top to bottom possible to any value by eounter- 
late liquid past film sur- current flow 

face 


usually by immersion in a sink full of water. This can be started before the loading. 
If the tap water is not cold enough, some ice in the water bath will bring the 
temperature down. Since each part of the process lasts only five minutes, the 
temperature change is very minor. The simplest and smallest form of tank is 
patterned after that used by the amateur photographer and has a light trap through 
which the solutions may be poured in and out. With equipment of this small size, 
agitation is usually accomplished by shaking on a periodic basis, say every 15 sec- 
onds. As the tank approaches gallon size (or 400 films), these simple expedients are 
° no longer satisfactory ; for instance, the time required to pour in and out of a light 
trap becomes an appreciable fraction of the total development time of about five 
minutes. As a consequence, the films at the bottom of the tank will be developed more 
than those at the top. Agitation also becomes difficult and too apt to splash out 
developer. These two difficulties can be overcome by using a circulating pump to 
obtain a fluid flow of at least 11% in. per second past the film. The reason behind 
this rate was explained previously. Three-way stopcocks in the intake and outlet 
sides of the pump allow the operator to pump the solutions from bottles into the 
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tank at the agitation rate which will fill the tank in 10 seconds or less. Removal is 
done in the same manner and the solutions put back in the bottles. Washing should 
be started by pumping in a fill of water and pumping it out after a short circulation 
period. This will flush the pump and lines. This method of washing may be 
continued or the tank placed under the tap and allowed to overflew. Drying (with 
the films left in the holders to prevent curl) may be done in any conventional manner. 

In a group system any variation in density due to conditions of development 
will not of necessity be the same for each lot. With batch processing, all films have 
received the same treatment, and this may be used as a gain in accuracy or as 
compensation for errors in processing. 


Fig. 2.—Gallon tank, pump, and one film holder for processing 400 films. 


Considering a given film and developer, the conditions of development within 
normal limits can have only the effects of changing the density produced by a given 
exposure and the difference in density produced by any two given exposures. In a 
plot of exposure against density (which is the calibration curve for film dosimetry ) 
this would lead to horizontal translation and change of slope of the curve, but the 
shape of the curve remains unchanged. By including a sufficient series of calibrated 
films in the batch, the calibration curve could be constructed for each run. Experience 
has shown that by careful processing with selected film and developer the results 
are uniform enough to make individual calibration unnecessary. At the University 
of California three known exposure values, one of zero exposure, one which produces 
a density of 0.2, and the third producing a density of 1.3 (density 3.0 is the maximum 
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for the densitometer used ), are sufficient to establish the position of the curve. These 
values are obtained by exposure for one week on a rack having fixed distances from 
a radium button. Any changes from the normal in developmental conditions or even 
film speed may be corrected by displacing the “standard” curve so that it passes 
through these three points. With the use of this technique, a small user does not 
have to be able to calibrate his own process but can work from a standard curve. 


Figure 2 shows the developing tank, holder, and associated equipment for 
agitation which is used at the University of California. In this unit up to 400 films 
may be processed in 1 gal. of solution. A modified check writer and a densitometer 
are the two other major pieces of equipment used in this typical large-scale operation. 

For a small-scale operation (up to 50 films), a light-tight tank with a pouring 
trap is suitable. This would use 1 pt. of solution. Identification of film can be 
accomplished by scratching the emulsion or by a notching code if an x-ray machine 
and perforated shields are not available. Agitation can be accomplished by shaking. 
A calibrated density wedge built into a viewing box, with an evenly diffused light 
source behind the wedge, may be used for evaluating density. In this case the density 
of a zero-exposure film must be subtracted from the reading obtained for any film 
before examining the chart to find the exposure. Conventionally, a densitometer is 
zeroed with this unexposed film in the measuring position. An average person with 
a small amount of practice using a piece of equipment as simple as this probably can 
match densities closer than + 10% provided the density values are between 0.1 
and 1.5. Using a wedge comparator with a film combination of Eastman Kodak 
Type K and Periapical Regular in a holder with a 1 mm. cadmium filter (AEC 
spec. PFIB), one may evaluate diagnostic x-rays from 5 mr to 8 r and gamma 
radiation from 25 mr to 3 r. Values on either side of these, particularly at lower 
levels, may be estimated with fair accuracy. 

By using a densitometer which will read densities between 0.01 and 3.0, this 
same combination of films and holder will evaluate 1 mr to 20 r of x-ray or 2 mr 
to 3.5 r of gamma radiation. Other films may be used to extend the upper limit 
to any desired value up to 100,000 r. 

If standard specifications were accepted for film, developer, and processing 
conditions, it would be possible to publish standard calibration curves. With the 
use of these curves, the simple batch-processing equipment, and the comparison 
wedge, accuracy may be maintained even though the equipment is simple. The 
cost per film with 25 or more films processed with this minimal equipment should 
not be increased materially over that for an operation involving several hundred 
films. The cost of an evaluated film in one of these large systems should be about 
10 cents. 


SUMMARY 


Batch processing of dosimetry film yields greater accuracy with less expensive 
equipment than do conventional methods. Conditions of development are more 
closely controlled because fresh solutions are used for short periods of time and 
because agitation is performed at the optimum rate. Standard exposures processed 
with the unknowns make it possible to correct a standard calibration curve for the 
usual small differences in development and in film speed. 


41 


> 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The use of a light-tight tank with a light trap for pouring solution in and out 
makes more than a dark closet with 3 ft. of bench space and a safelight unnecessary. 
Even though more elaborate equipment, with a pump for agitation and fluid hand- 
ling, is used for operations involving 400 films or more, this same darkroom space 
is adequate. By evaluating film with an optical wedge comparator instead of a 
densitometer and processing with this simple batch equipment, it is possible to 
handle as few as 25 films per exposure period at a cost per film comparing favorably 
with present systems involving several hundred films. 
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“WHY DOESN’T THE WORKER'S SKIN CLEAR UP?” 


An Analysis of Factors Complicating Industrial Dermatoses 


GEORGE E. MORRIS, M.D. 
BOSTON 


MONG the criteria for the diagnosis of occupational skin diseases! there 

is one criterion that reads: “9. If the diagnosis is dermatitis, the following 
items are important. (a) The evidence of previous attacks coming after exposure 
to an agent followed by improvement and clearing after cessation of exposure 
constitutes most convincing evidence of the occupational factor as a cause... .” 
The words “clearing after cessation of exposure” in this passage are often lifted 
out of context, and it is a common occurrence for plant physicians, industrial 
nurses, and insurance carriers to pose the question, “The patient is not exposed any 
longer ; then why does his skin not clear up?” 

While this statement that patients should experience a “clearing after cessation 
of exposure” is correct in probably 99% of the cases of industrial skin eruptions, 
there is always the one case in which clearing of an eruption will not result after 
such action has been taken; and it is this case that always causes the most concern 
to the above-mentioned parties of interest, since they cannot understand the failure 
of the patient to recover after following the accepted procedure. 

Observation during the past 12 years of more than 3,000 cases of industrial 
skin diseases has made me recognize that there are at least 24 different causes of 
failure on the part of the industrial patient to recover after what has been deemed 
to be the appropriate treatment has been undertaken. Let us consider some of 
these causes in detail. 

1. The first cause is failure, sometimes deliberate, to follow the physician's 
advice. At the very initial visit of the patient, the conscientious dermatologist 
questions him about contactants at home and at work and then gives him strict 
advice to keep his hands out of hot water, kerosene, gasoline, furniture polish, 
dish-washing compounds, paint-washing compounds, window-washing compounds, 
etc.; he further warns the patient that almost any chemical that is strong can 
cause his eruption to persist. Such advice is a two-edged sword. If the patient 
chooses, he can avoid all these chemicals and become improved; but, should he at 
any time desire for any reason to induce a flare-up of his eruption, he has already 
been given a key to the causes thereof, which would help him, on the one hand, 
but by which he could hurt himself, on the other. I know of no way of avoiding 
this dilemma, for I have seen patients who, on occasion, have used such advice to 
cause a skin disturbance to break out when appearing before an Industrial Accident 
Board or when about to be seen by an impartial examiner. Here, then, is a very 
great cause for the continuance of an occupational eruption. 


Assistant Clinical Professor of Dermatology, Tufts College Medical School. 
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2. Another very frequent cause, from my experience, is what is termed “over- 
treatment.” This has been emphasized by C. Guy Lane,? who admonishes that a 
severe acute dermatitis will usually respond best to compresses, calamine lotion, 
and other simple measures, for far too many persons will apply one ointment after 
another, only to find that they are becoming more sensitized to more substances, 
with continuation and spread of the disease. To my mind, this accounts for the 
second largest number of occupational skin diseases that are encountered in my 
office. The principles of treating skin diseases are well known and should be 
followed by all who are treating occupational eruptions.* 

3. The third commonest cause for the continuation of an eruption is involved 
with the phenomenon of “hardening.” By this is meant that a patient, by continued 
exposure to a substance, may build up an immunity to it. While this is true in 
many cases, there is always the occasional case which will keep getting worse and 
worse, Owing to repeated exposures while the dermatologist is trying to keep the 
patient at his work and at the same time clear his eruption. I am aware of no 
yardstick by which one can judge immediately when such a patient has reached 
the stage when “hardening” will occur. The one who does not become “hardened” 
may by this time be suffering from a severe dermatitis which will take much longer 
to treat than had he been stopped from working the first time he was seen. If all 
patients were taken off their jobs at the time of their initial visit, the costs to 
industry would be immense; nevertheless, in such individual cases as I mention, 
the results are much harder to clear than if the patient had been stopped from 
working the very first day. 

4. A fourth factor that one must take into consideration in cases of prolonged 
eruption is that an incorrect diagnosis may have been made the first time the 
patient was seen. Any dermatologist seeing large numbers of industrial skin 
eruptions is bound to make mistakes at times, and the insurance company will of 
necessity have to pay for such mistakes. I have examined a man who was com- 
pensated two years in a row for an eruption of the face and antecubital fossae 
which occurred in mid-August. Upon being seen by me the third year, I discovered, 
when the history was taken, that this man had moved three years previously from 
an intown section of Boston to one of its suburbs. With this in mind, I found that 
he had a ragweed oil dermatitis and that his eruption had never been industrial; 
notwithstanding this, he had been compensated for a disabling dermatitis on two 
previous occasions. Another patient had received compensation from one of the 
larger insurance companies over a period of seven years for a recurrent erysipelatous 
affection of the leg which was in no way industrial; yet, she had received thousands 
of dollars in compensation because no one had made the correct diagnosis. Numerous 
other cases have been encountered, but these are enough to show that such eruptions 
can go on and on and last indefinitely if the case is not diagnosed correctly. 

5. Secondary bacterial infection of the occupational eruption is a fifth very 
common cause. Every now and then one will be treating a contact dermatitis, and 
within a very brief period the patient will develop a lymphangitis, with a temperature 
of 101 to 102 F. and with definite evidence of infection of the previously plain 
dermatitis venenata. Such infections of the skin are not always amenable to treat- 
ment and can persist for long periods of time; however, such patients often 
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respond to iced compresses and a triple sulfonamide preparation. When penicillin 
is given, the patient is liable to develop further blisters on his hands, and thus we 
have the sixth complicating factor. 

6. In this category antibiotics may be the cause of vesicular eruption of the 
hands on top of secondarily infected contact dermatoses. Each winter I have 
several patients with such eruptions who upon treatment by their regular physician 
for upper respiratory infections or for sore throats are given penicillin, only to 
find that within a few days there has resulted a severe flare-up of the eruption 
on their hands due to the administration of penicillin. 

7. Dermatophytosis of the feet which is undiscovered by the examiner is 
another, sometimes hidden, factor. In my office, many patients do not seem to 
know what “athlete’s foot” is; so it is my custom not to ask them if they have it 
but rather to tell them to remove their shoes and stockings. I have been amazed 
at the number who will evidence surprise as to the rashes that appear on their feet. 
A persisting fungus infection of the feet will make any treatment of hand eruptions 
prolonged and difficult of management. The dermatophytosis must be controlled 
first, and then the hands are more amenable to therapy. 


8. Another factor is that exposures at home are unforeseeable or, perhaps, 
unavoidable. Thus we have the case of the patient whose car gets stuck on the 
road and who must clean the gasoline line or of the man whose wife asks him to 
wash the windows of their home with ammonia and who complies not knowing that 
this is an irritating substance. 

9. A ninth cause for persistence of an eruption, or even for an acute flare-up 
of a rash in the patient who is improving, is a serious nervous upset. Two patients 
with occupational eruptions who were practically ready to return to work were 
seen; one after the death of his son in an airplane crash and the other just after 
his brother had suffered a heart attack. Each had a relapse to a dermatitis that 
was equal to, or worse than, the original picture that was presented on the first day. 


Recently I had occasion to see a patient who had received notification from an 
insurance company to go to be examined by a different physician and whose eruption 
broke out anew after the examination. The nervous factor in this instance was 
aggravated by the patient’s subjective impression that the insurance company was 
not taking the word of the physician to whom he had been originally referred by 
the company. Patients sometimes do not realize that such referral to other doctors 
is a necessity for insurance companies, and physicians in the position of examining 
such patients should be kind and attentive. 

10. As a 10th factor, prolongation of a dermatitis can be effected by a firm’s 
“firing” a patient when he develops a rash or by not rehiring a patient after his 
eruption has been cleared. I recently sent a patient back to work after her skin 
condition had been all cleared up, and on the following Monday morning when she 
reported for work, she was told that there was no work to be had. She returned 
to my office that very afternoon in an agitated frame of mind, with a severe vesicular 
eruption of the hands that resembled her condition the day she was first seen. 
I have not been able to get her well in over three months, despite the fact that she 
has not been near the sensitizer that originally caused her eruption and that she 
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has (to my knowledge, at least) been using bland cold compresses. Plant personnel 
should be cognizant of the fact that many patients are embittered by such treatment 
and are prone not to recover as easily as the patient who is docile and receptive. 

11. The purely physical extremes of excessive heat or excessive cold form an 
11th factor. Some patients with vesicular eruptions of the hands become worse in 
hot, muggy weather, and others become worse in cold, damp weather. Immersing 
the hands in hot water, even while wearing cloth and rubber gloves, is sufficient 
cause to make many eruptions persist. I have been frequently asked by other 
physicians how I make housewives wear cloth gloves under rubber gloves while 
using one of the light-duty detergents in cold water. They say that they cannot 
get their women patients to do this. I have had no trouble in my office along these 
lines, however, as I tell them in a nice way that either they are to do as I say or 
they are not to come back for treatment. I have not had one patient who would 
not cooperate in this regard when properly presented with the facts. 

12. A 12th reason is the failure of the patient to follow the treatment outlined. 
Some patients are sure that they know more about their dermatitis than does the 
physician. They insist upon putting on a salve where it should not be applied, or 
they prefer to use something that a sister has told them worked on her, and fre- 
quently as a result the condition becomes worse. The dermatologist may not even 
know that the patient has used a salve or ointment while under his care, because 
the patient does not often tell of it. When such is suspected, examination with the 
use of the Wood Filter * in a dark room will show whether any ointments, etc., 
have been applied to the skin. 

13. A 13th reason is that some patients receive almost as much money per 
week on workmen’s compensation as they were making while working. I have had 
innumerable cases of patients who were receiving $32.50 on compensation while 
not working; they were not having to pay carfare, not buying lunches, and not 
being jostled in streetcars, and this money was tax-free. Then I would begin to 
realize that they had received, say, $34.50 per week for their 40 hours of work, 
plus the other inconveniences enumerated above. I myself would be strongly 
tempted to loaf for $32.50 a week rather than work for $34.50! It is very difficult 
to get such patients better for obvious reasons. In some states, at this very writing, 
I know it to be a fact that a worker can receive from certain companies his full 
pay plus the compensation; that is, he can receive not only the $34.50 from his 
company through its benefit plan but also the $32.50 provided by the compensation 
laws, thereby actually receiving $67.00 for loafing while he would get only $34.50 
for working! 

14. Another element affecting recovery is what can be called the “magic green 
salve” treatment. In Massachusetts we call it the lump-sum disposal of a case. 
Two cases come to mind. The first case was that of a factory worker who did not 
experience a clearing until he learned that his department was being discontinued 
and that only the well workers were going to be transferred to other departments. 
An eruption which could not be cleared by two dermatologists in a period of four 
years cleared in a few days, and the patient duly reported back to work in the other 
department! In the second case, the patient, after extensive treatment by two 
dermatologists, was awarded a lump-sum settlement of $450. He stopped at my 
office five days after receiving the lump sum and showed me his hands ; their condi- 
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tion was then all cleared up—without any change whatsoever in the treatment that 
had been given him the past two years. Other dermatologists have had experience 
with similar cases, and | think that an awareness of this situation will benefit the 
physician as well as the patient. 

15. The use of corticotropin, cortisone, or other steroid hormones is another 
important angle to be looked into. These “miraculous drugs” are now known not to 
cure anything °—as a matter of fact, they can be shown to allay a contact dermatitis 
from poison ivy over a period of three or four days, during which time the skin will 
be completely normal, and then, when the medication is stopped, the poison-ivy der- 
matitis will return, not unchanged from its original condition. At this point, in my 
experience, the eruption is much harder to clear than it would have been had such 
treatment not been administered. | have at the moment at least three cases of exten- 
sive dermatitis which not only were not helped by corticotropin or cortisone or both, 
but in which the disease has been more difficult to treat than it would have been had 
these drugs not been administered. 

In this same category is the use of penicillin for vesicular eruption of the hands, 
as has been mentioned previously, in Section 6. 

16. The application of protective creams after an eruption develops is another 
point to be considered. “Protective creams” (so-called) are supposed to be put on 
before an eruption begins. They invariably make the condition of a patient with an 
eruption worse, as do almost all salves or ointments. Protective creams are in the 
category of ointments and are not to be applied in cases of acute eruptions. 

17. Still another factor is the patient who is under treatment by two physicians 
at the same time without telling either of them that he is doing so. This has come 
to my attention a few times, and the patient will be receiving instructions in medi- 
cation from one office and a different set of instructions from another office. Of 
course, neither physician knows what the other is doing; so there is apt to be con- 
flict, and the patient frequently does not know which one to follow. In Massachusetts 
the patient is allowed to choose his own physician, a practice which | would say in 
general is well advised, because some patients do not like to be sent to what they term 
“insurance doctors.” I do not know of any so-called “insurance doctors,” but 
patients seem convinced that there are such. 

18. An 18th reason is, as all dermatologists are aware, that a patch test of a 
patient may cause an acute flare-up of an eruption. About three years ago I patch- 
tested a patient with a harmless-looking brown powder which was furnished me 
by the company by which she was employed. I failed to obtain any prior informa- 
tion of the chemical nature of this powder but instead dampened it and placed it on 
the patient’s skin under a closed patch test, telling her to remove it if any burning or 
itching occurred. Two days later the patient was seen in the hospital, with an acute 
generalized flare-up of her original condition. It is wise not to patch-test a patient 
unless one knows exactly what the test substance contains, and it is just as wise not 
to patch-test the patient when his skin is acutely broken out in an eruption. 

19. A 19th factor is the patient with an allergic background. Any dermatologist 
who has been practicing for a number of years finds that cases of atopic neuro- 
dermatitis, which he has handled back in the patient’s childhood or young adulthood, 
will return when the patient reaches the 20’s or 30's with a flare-up from, say, a 
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dish-washing compound or from some other like chemical. A knowledge of such 
a background makes it much easier to clear the patient’s eruption. There are other 
cases of new patients with allergic backgrounds, and it is only by taking a good 
history and by careful observation of the patient that such a background can be 
ascertained. 

20. This category consists of cases in which there is an accentuation of an exist- 
ing skin disease by an occupational factor. The best-known such condition is psori- 
asis, which can follow trauma, or the surgeon’s operative technique, or may follow 
rough use of the hands, such as in pulling ropes. 

21. That some people have, not an allergic background, but a background of a 
focus of infection constitutes the 21st category. One case of dermatitis of the hands, 
which was thought to be due to household contactants, was not cleared until a focus 
in a sinus was removed. Other patients who have been difficult to treat have had 
some teeth removed, and their eruptions have cleared soon afterward, for no apparent 
reason other than that the focus of infection was removed. 

22. Still another factor is that, since nicotinic acid is known to be necessary for 
the nutrition of the dorsa of the hands and since riboflavin is known to do the same 
for the face, patients who are deficient in these vitamins frequently have eruptions 
in these parts which are delayed in healing. It has been my experience that nicotinic 
acid and riboflavin have helped more than one patient when used for such purposes. 

23. A further factor which is occasionally found as a cause of a continued erup- 
tion, or even a recurrent eruption, is when a patient continues to wear work clothing 
which is saturated with the irritating substance or when he has not been told to 
remove it or have it cleaned or burned. In one such case in my practice the patient 
was told not to wear any of his oil-soaked clothing when he returned to work. About 
five days after returning to work, he was in my office again with hatband dermatitis. 
I had failed to take into account the fact that he was prone to wipe the perspiration 
off his hatband with his oil-soaked hands, and so when I had told him not to wear 
his work clothes, I did not tell him to discontinue wearing his hat. His eruption then 
reappeared, with a clear outline of the rim of his hat. 

24. Similar to this is the condition of patients who are sensitive to nickel, chrome, 
or rubber. Thus, patients who have an eruption from nickel must remove all nickel 
contact from the body before their eruption will clear. Chrome dermatitis of the 
hand may be aggravated by chrome-tanned shoes, and dermatoses of the hand from 
elastics or rubber fingers may be prolonged by the patient’s wearing arm bands or 
garter elastics. In my experience, patients who are allergic to substances or chemi- 
cals that are both worn and used in industry must be warned to exercise caution in 
avoiding anything that contains such substances. 

Here I might mention that the factor of polysensitization has frequently been 
propounded as a cause for the continuance of an eruption, but in my experience 
it is not a common factor. It is true that during the acute phase of an eruption a 
patient’s skin is very sensitive and may be irritated by any number of substances, as 
suggested previously in this article, but it is also noteworthy that when the patient 
has recovered and has been returned to work, or has gone to another job, it is most 
unusual to see him back in the physician’s office again. I am not aware of any of 
my patients who have become sensitized on two entirely different jobs with entirely 
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different characteristics. It is possible that such a person might not return to the 
same dermatologist, but it is more likely that, were this condition to occur, | would 
have seen at least one or two such patients in the past 12 years. Therefore, poly- 
sensitization probably plays a very small role if by polysensitization is meant sensi- 
tivity to many external, nonrelated chemical compounds, for | have already taken 
up the question of an allergic background, or sensitivity to food, and | do not intend 
them to be included under the general term “‘polysensitization.” 


SUMMARY 


Most patients who have eruptions caused from contactants at work or at home 
have a clearing within a reasonable time when removed from contact with the chemi- 
cal, Twenty-four causes are listed why some patients do not experience such a clear- 
ing. 
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| Meroe to health on account of the toxicity and other harmful properties 
of “chemicals” are well understood by persons in the fields of industrial 
hygiene and safety. In these fields the hazards to health are dealt with almost 
entirely from the viewpoint of the exposed workman who is to be protected and of 
the employer who must provide safe working conditions. This paper is concerned 
with the same hazards but specifically with the problems created by the marketing 
of these chemicals. 


During recent years the supplier of chemicals has felt an increasing responsi- 
bility regarding the safe use of his products. Our purpose is to describe this respon- 
sibility, as it is understood at the present time, and to indicate the efforts which 


chemical manufacturers can make and are making to assure the safe use of their 
products. 


DEFINITION OF RESPONSIBILITY 


In order to define the responsibility of the chemical supplier, we must recognize 
first that, as a rule, he has no direct control of and no responsibility for the actions 
of his customers. Only to a limited extent and indirectly can this supplier influence 
the operations of some of his customers. What then are his responsibilities and what 
can he do? 

When a chemical manufacturer markets a chemical, he immediately assumes a 
certain moral responsibility for that product and a greater or less amount of legal 
liability. 

Morally, he should assure himself that he has sufficient information about the 
chemical, physical, and physiological properties of his product to enable him to define 
to a reasonable degree the hazards presented by ordinary handling and use. If he 
recommends a product for a particular purpose, he must be certain that such a use 
will be appropriate and safe. The manufacturer is also obligated to inform his cus- 
tomers of the hazards presented by his products. At times, the manufacturer may 
have to do even more. Certain products may present hazards of such a nature that 
distribution of the product should be limited to those qualified to handle and use 
the product safely. Further, he should not knowingly sell a product for a use which 
is inappropriate. 

Legally, a seller of chemicals must be sure that he is complying with the laws 
and regulations governing the packaging, labeling, shipping, and selling of each 
material. If he is recommending his product for a particular use, he may well come 
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under the jurisdiction of such Federal statutes as the Insecticide, fungicide, and 
Rodenticide Act of 1947, the Food, Drug, and Cosmetic Act of 1938, and others, 
There are also state and local regulations which must be considered. These can 
present problems to the firm which markets its products widely. 

Disregard for these moral and legal responsibilities may result in lawsuits claim- 
ing personal injury. These are usually based upon one of the following: 

1. Common-law negligence. In such cases it usually is alleged that the seller 
failed to exercise the proper degree of care in marketing his product and, as a result, 
the claimant was injured. This type of situation is common and raises the question, 
“What constitutes a proper degree of care?” Lawyers state that the proper degree 
of care is that which would enable the ordinary prudent man to handle the product 
without adverse effects. 

2. Statutory negligence. In such cases it is alleged that the seller violates a law 
governing the marketing of a product, thus automatically making him responsible 
for resulting injuries. 

3. Breach of warranty of safety. The warranty in this case may be expressed 
in, or implied from, such means of communication as labeling, advertising, letters, 
or verbal statements attributed to the company or to one of its employees. 

4. Deceit or fraudulent misrepresentation. In such actions the seller is alleged 
to have made false statements or fraudulently concealed the true facts regarding a 
product. 

Generally speaking, if a supplier discharges his moral responsibilities conscien- 

tiously and does not violate any laws, he will find that suits for personal injury 
claims will be few. 
APPRAISAL OF HAZARDS TO HEALTH 
It is obvious that if a manufacturer is to discharge the moral and legal responsi- 
bilities attending the selling of chemicals he must accurately appraise the hazard 
to health presented by each product. 

The likelihood that a product will cause harm will depend upon toxicity, chemi- 
cal and physical properties, warning properties (odor and pain), use, and type and 
number of customers. 

The influence of toxicity upon hazard is obvious to industrial physicians, hygien- 
ists, and safety engineers and requires mention only. Physical properties have a 
profound effect upon toxicity hazards, since they influence the nature and severity 
of the contacts. 

The factor of “use” is very important, since it determines the type and severity 
of exposure and the ease of control. This influence may be extreme. For example, 
the use of a substance as a chemical intermediate does not offer a hazard even 
approaching that presented by the use of the material in cosmetics, fabrics, or pesti- 
cides. Each individual use must be evaluated on the basis of the nature and intensity 
of the exposures which can be expected. 

The customer, both as to kind and number, is a very important factor. The large 
company with technical personnel usually presents but a minor problem. This type 
of customer tends to assume full responsibility for its own operations, to appreciate 
hazard, to welcome information, and to be willing and able to take the necessary 
measures to assure safety in handling or use. Smaller businesses and individuals 
tend to possess these traits to slighter extents and, correspondingly, to be more likely 
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to have difficulty. The greatest likelihood of difficulty, other factors being equal, 
will be with the public at large, the individual “ultimate consumer.” 

The mere number of customers modifies the problem of the supplier. A few 
customers can be dealt with directly and more effectively than a large number. 
When a product goes to many customers, particularly through one or more dis- 
tributors, direct contact is impossible and the transfer of information becomes less 
certain and effective. 

It is extremely helpful in making an evaluation of the hazard presented by any 
chemical in a particular use to know whether the problems presented by the material 
differ in degree or type from those which are customary in the experience of those 
who will be handling or using the chemical. 

The acquisition of information adequate to allow an evaluation of health hazards 
is a major problem to the chemical industry. Useful information on chemical, 
physical, and physiological properties may be available in the literature, but, to the 
greatest extent, this information will have to be obtained by the producer. This is 
particularly true if the product is a new chemical or composition, 

Methods for obtaining chemical and physical data are well standardized, but 
methods for evaluation of toxicity are not. 

One finds currently that a number of questions are being raised about the design 
of tests, the value of the results, and even the appropriateness of applying “animal 
data” to human subjects. These questions are present, and they cannot all be 
answered in a direct manner. It is recognized that there are limitations to the use 
of animal data. On the other hand, our experience over a period of about 20 years 
causes us to emphasize the opposite aspect, the great extent to which animal experi- 
ments are appropriate and the extent to which the results can be applied to man. 
There is no question that the animal data are extremely useful and permit decisions 
and actions which would otherwise be impossible. 

The second point to be emphasized is that the actual tests which are feasible or 
necessary vary considerably as to type and extent. It would be foolish to think 
that all chemicals may be studied to an equal extent and in a predetermined manner. 
The type of tests to be performed are dictated by chemical and physical properties 
and by known or contemplated uses. As a rule, however, the tests will employ those 
exposures which occur in use, namely, contact with the skin and eyes, ingestion, 
and inhalation. Other routes of administration may be employed for special pur- 
poses. 

The extent of the test likewise varies considerably. Preliminary, or “range-find- 
ing,” tests commonly are conducted on essentially all new products, most materials 
in the process of development, and some “research chemicals.” These tests are 
designed, not to give a complete toxicological picture, but, rather, to point up unusual 
physiological properties that a material may have. They also serve to orient a 
material with respect to other materials whose hazards are better understood. The 
results of such studies, properly interpreted, are useful in outlining precautions 
necessary for the safe handling and use of chemicals where exposures are likely to 
be of an acute nature. They are also useful in preparing precautionary labeling. 

More extensive tests are carried out when it becomes necessary to determine 
the appropriateness of specific uses. The pattern of such studies may vary greatly, 
depending upon the type of exposure anticipated and the degree of assurance of 
safety required. 
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After the manufacturer has acquired sufficient information to allow a proper 
evaluation of the health hazards presented by a product or after he has satistied 
himself that a particular use for a product is appropriate, then he must disseminate 
the information to customers and others who may be interested. 

Probably the simplest and best media for conveying such information are labels. 
Information on labels is especially important, because of all means of communication 
it is the most likely to reach the person who actually handles and uses the product. 
To be effective, labeling must be uniform throughout the country, simple, direct, and 
informative. Recognizing this value, the chemical industry, through the Manufac- 
turing Chemists’ Association, has been effective in devising a system of labeling 
and in promoting uniformity. There is much to be done yet in this field, but progress 
is being made. 

At present two deficiencies of labeling are of primary concern. One is the matter 
of incomplete or nonlabeling of chemicals. The second deficiency is that people, in 
general, still do not read labels sufficiently and do not understand them fully. Some 
improvement has been apparent ; most chemical manufacturers are labeling products 
and following the recommendations of the Manufacturing Chemists’ Association, 
and daily we obtain evidence of a greater awareness of labels on the part of cus- 
tomers. 

The transfer of information by other media, such as advertising, special leaflets, 
brochures, and manuals, is also effective. The nature of this information varies 
greatly. It may consist of strictly technical data, information on chemical, physical, 
and toxicological properties, and even engineering drawings. Such technical infor- 
mation goes to larger companies and to individuals able to use such information. 
Other publications merely outline hazardous properties in a manner appropriate 
to the audience and then give precautions and directions in considerable detail. In 
preparing such information, it is most important to recognize whether the hazard 
and the necessary precautions are outside the past experience of the customer. In 
this circumstance, considerable effort may be needed to achieve understanding and 
compliance with recommendations. 

Persons not associated with the chemical industry probably do not realize the 
extent to which the transfer of technical information and assistance in use are car- 
ried out normally in the selling of many chemicals. 


SUMMARY 


The chemical manufacturing industry, in general, recognizes the responsibility 
it has for the safe handling and use of its products. The actual hazard to health and 
the responsibility assumed for safety of use all vary greatly under the influence of 
the following factors: type and degree of hazardous properties, nature of use, and 
class and number of customers. It is possible to obtain information on hazardous 
properties, to devise precautions which will assure the safe use of chemicals, and to 
determine the appropriateness of any chemical for a recommended use. 

Education of the customer with regard to the hazardous properties of a product 
and appropriate uses for it is an endless task, but also it is one which pays dividends. 
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RADON LEVELS FOUND IN MINES IN NEW YORK STATE 


SAUL J. HARRIS, B.S. 
NEW YORK 


HE PURPOSE of this paper is to present the results of a study of air-borne 

radiation levels in various underground working places in New York State. 
These. include operating mineral mines, an abandoned iron mine, and a sight-seeing 
cavern, none of which is associated with any known uranium deposit. 

The study indicated the possible presence of radon and radon daughters in 
the air of any mine in amounts in excess of accepted standards for maximum 
permissible concentrations. Reevaluation of these standards was indicated. 

Previous studies of radon levels in nonuranium mines by Jacoe in the Colorado 
Plateau indicated that concentrations comparable to those found in the uranium 
mines in that area by Holaday and associates could be expected. The reports on 
the Colorado studies raised the question whether this situation was peculiar to that 
area. For this reason, my co-workers and | decided to sample some underground 
operations to determine whether levels of this order could be found in nonuranium 
mines, in regions not known to contain profitable uranium deposits. 


MINING IN NEW YORK STATE 

Several geological studies had failed to locate any appreciable deposits of ura- 
nium ore in New York State. Other minerals have been recovered from open-pit 
and underground workings within the state for many years, the main product being 
cement, although iron, gypsum, talc, salt, hematite, limestone, clay, slate, and zine 
are mined in smaller quantities. There were 22 underground mines active at the 
time of this study and many more open-pit operations. In addition, many aban- 
doned mines may still be entered and have been used for the growing of mushrooms 
or for underground storage. 

Figure 1 shows the location of the workplaces included in this study. Samples 
were taken throughout the state in at least one underground mine of each type still 
in operation, The depths varied from 35 ft. (10 m.) to more than 2,000 ft. (609 m.) 
below the surface of the ground. Although the quality of the ores is generally 
excellent, the quantities obtained are small, and the workers involved number in 
the few hundreds. 


MINING POPULATION 


Many of these operating mines have been worked continually since the Civil 
War, and hence the mining population of the district can trace its history through 
several generations. Any radiation exposure conditions found today would indi- 
cate the possibility of past and continued exposure to small groups for several 
generations. 


Division of Industrial Hygiene, New York State Department of Labor. 
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In addition, medical data are available on many of these groups as a result 
of past occupational exposure studies of silicosis by the Division of Industrial 
Hygiene and others. Suitable engineering methods were developed to control 
silicosis as a result of these earlier studies, although no measurement of radiation 
exposures had been attempted prior to this time. 


SUMMARY OF EXPOSURE CONDITIONS 
The on-the-spot analysis of collected dusts indicated that the air-borne radio- 
activity was essentially short-lived, alpha-emitting material. The half-life, after a 
few moments, was approximately 30 minutes. A possibility of thoron and its decay 
products existing in some small degree has not been completely ruled out. However, 
for the purpose of this study, we considered the dust samples to consist essentially 


LOCATION of MINES 
NEW YORK STATE 


Abandoned Mine 
CAVERN 
Pig.1 cyYpsuw 


HEMATITE 


Fig. 1—Location of underground mines in New York State included in study of radon 
levels. 


of Rn**? decay products in the uranium series. Table 1 is a tabulation of this series 
showing the decay products, their half-life, and their principal radiations. 

Radon is a gas evolved during the disintegration of its parent, Ra***, which has 
been formed through the earlier disintegration of products in the series beginning 
with U***. The radon decays through a series of other isotopes to stable lead. 
These daughter isotopes apparently adhere to the solid dust nuclei in the radon 
atmosphere. Recent considerations of the hazard from radon indicate that the 
hazard potential of these daughter products is appreciable and may contribute the 
greater part of any exposure delivered to the bronchial epithelia. 

The ratio of these decay products to the original quantity of radon is influenced 
in part by the ventilation in the area sampled. Since a large part of the hazard 
depends upon the presence of these decay products, it would similarly depend upon 
their ratios to the parent and to each other. For this reason, any sampling of the 
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air for the decay products, in order to extrapolate the findings to determine the 
quantity of radon present, must recognize the need for determining the ventilation 
conditions. In our study, we sampled primarily dead-end drifts where the ventila- 
tion was effectively zero and assumed that the decay products were essentially in 
equilibrium with any radon present. 


SAMPLE TECHNIQUES 
Our sampling for air-borne material consisted of filtering dust with Whatman ; 

No. 41 filter paper and the simultaneous collecting of gaseous components directly 

in standard 1 liter glass flasks obtained from the New York Operations Office of 

the Atomic Energy Commission. The filter-paper sample was counted immedi- ‘ 

ately, with use of a Samson Alpha Survey meter carried down into the mine for 

this purpose. (No indication of contamination of the instrument which could not 

be adjusted out of the measurement was noted.) When these instantaneous readings 


Decay Principal 


Element Products Half-Life Radiations 
Uranium I 4.51 & yr. Alpha 
Ths Uranium Xi 24.1 days Beta, Gamma 
Pa?*¢ Uranium Xe 1.14 min. Beta, Gamma 
Uranium IL 2.32 10 yr. Alpha 
Th? Ionium 8.3 X yr. Alpha 
Radium 1,600 yr. Alpha 
Rn222 Radon 3.83 days Alpha 
Po?!* RaA 3.05 min. Alpha, Beta 
Ra B 26.3 min. Beta, Gamma 
Bi2t¢ Ra © 19.7 min. All types 
Pots Ra C’ 1.5 K 10-4 see. Alpha 
Ra C” 1.32 min. Beta 
Pp2e Ra D 22.2 yr. Beta, Gamma 
Bi?10 RaE 4.97 days Alpha, Beta 
Pott? Ra F 139 days Alpha 
Ph206 RaG Stable 


of the filter-paper samples indicated the presence of appreciable quantities of radon 
daughters, samples of the ground water and the ore were collected and later analyzed 
for the parent, Ra***. 
The dust was collected with the use of two different sources of air movement, 
an MSA Samplair hand pump or a battery-operated Gast pump. Using the 
Samplair, we attempted to collect dust from a volume of 30 liters for a period of two 
minutes, and using the battery-operated pump, we collected a sample of from 50 to . 
75 liters for a period of 10 minutes. All calculations have been corrected for the 
difference in time required to collect these samples. The flasks were analyzed for 
radon at the New York Operations Office. 


RESULTS 


The dust samples of the daughter products were used to calculate radon levels 
by two methods. The first consisted of a straightforward conversion from disinte- 
grations per minute per liter to curies per liter, using correction factors for collec- 
tion efficiency and for self-absorption of alpha particles in filter paper. The second 
calculation used a formula developed by Dr. John Harley, of the New York Opera- 
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Concentrations in 10-"* Curies per Liter 


Area Type “Conversion* Caleulatedt Flask} 
A Cavern 2.0-15.0 1411.1 1.2-11.0 
B Iron mine 6.1-14.2 4.7-10.6 3.3- 4.1 
© Iron mine 6.9-11.2 5.3- 8.5 3.2- 3.7 
D Tale mine 1.6- 6.2 1.2- 4.6 20 
E Hematite mine 2.1- 5.2 1.6- 4.0 Lost in counting 
F Tale mine 1.5- 1.7 1.0 1.3 038 
G Iron mine 0.7- 1.7 05 13 02-12 
H Tale mine 0.6- 1.6 0.5- 1.2 08 
I Zine mine 0.2- 0.6 0.1- 0.4 0.01-0.1 
J Zine mine 0.1- 0.3 0.1- 0.2 0.01-0.1 
K Zine mine 0.28 0.21 Ol 
L Gypsum mine No noticeable reading 0.13 
M Rock salt mine No noticeable reading 0.08 
N Abandoned mine No noticeable reading 0.01 


* These figures converted directly from disintegrations per minute per liter, on filter-paper samples of dust. 

+ This column calculated from same data as the conversion figures using a formula developed by 
Dr. J. Harley (NYOO-AEC). 

t These figures obtained from direct sampling for radon 


using one liter glass flasks and counting 
electronically. 


-10 
wal 10 
1 
a1 
* Dust Samples 
1 
4 
| 
im; 
T 
§ -12 
4 ‘ 2 
| ° 
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Mine 


Fig. 2—Comparison of results in measuring radon concentrations in New York State mines 
by dust-sampling technique and by flask system of direct sampling. 


TABLE 2.—Radon Concentrations in Mines in New York State a 
4 
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tions Office (A. E. C.), for this same purpose. The two calculations agreed reason- 
ably well with each other and in some instances exceptionally well with the con- 
centrations as determined by the direct method. This direct method, using the 
1 liter glass flasks, was considered the more reliable technique for the measurement 
of radon concentrations for this study. 

The results of these calculations and the comparisons with the direct sampling 
results are shown in Table 2 (also Figure 2). We can observe immediately that 
radon levels between 10°'° and 10°" curies per liter were present in the majority 
of places sampled. The flask sample for Mine E was, unfortunately, lost during 
the transfer of the sample to the ionization counting equipment. 


COMMENT 


The data taken as part of this study appear to be most significant when it is 
recalled that New York State has never been considered to be an area where profit- 
able uranium might be discovered. This is in direct contradiction to the situation 
in Colorado, where the entire state has been suspect for uranium. As can be seen 
from our data, we have found radon concentrations in high levels in many sections 
of New York State. 

This would indicate that any underground working area might present a similar 
picture. Should this be true, those of us in the field of occupational health, and 
particularly those interested in the health of mining populations, are confronted 
with the need to evaluate the possible radiation environment in these mines and to 
study the possible effects from these exposures. Mining operations need not be 
the only place where employees predominantly underground would be exposed to 
significant amounts of radiation. One of the locations sampled was an underground 
cavern used for sight-seeing. The public which enters this area would remain in 
the radiation atmosphere for short periods of time. However, the guides and repair- 
men would be exposed to these concentrations the greater part of each day for 
several years. The growing of food products in abandoned caves or mines and the 
use of such areas for the storage of valuables might increase the number of persons 
unknowingly exposed. 

The consistent finding in many mines, not exclusively those containing known 
uranium workings, by this and other studies of radon concentrations in excess of 
10°" curies per liter requires considerable attention by those interested in the 
application of reasonable maximum permissible concentrations. If the limit of 10-"! 
curies per liter for radon is correct, many of the mines in this study would be 
required to consider an increase in their air supply by significant amounts. If we 
use a permissible level of 10° curies per liter, we can reduce the need for financial 
outlay for this additional ventilation, but we may be subjecting the mining popula- 
tion to a continuing excessive radiation exposure, one arising from the presence 
of naturally occurring radioactive material. Recent recalculation by Bale * of the 
exposure of the bronchial epithelia to radon and its daughter products indicates 
that a worker breathing in a radon level of 10°'° curies per liter for a normal work- 
week may receive an exposure of 22.6 rem per week. This would appear to be 


* Bale, W. F : Hazards Associated with Radon and Thoron, personal communication to 
the Division of Industrial Hygiene, 1952. 
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an unreasonable exposure to permit to continue once its possibility is known, 
although many authorities feel that 10°'° curies per liter must be regarded as the 
only practical limit at this time. 

Before such studies as these may be considered complete, all mines in a parti- 
cular area should be sampled. We plan to extend our data collection to all such 
operations in New York State. We should like to offer for consideration that 
similar studies be initiated in other states and that a central committee endeavor 
to evaluate the over-all data to determine the hazard potential, the selection of a 
proper exposure limit, the possible origin of this radon, and practical control 
methods. 

CORRELATION 


In attempting to develop a predictable correlation, we have not obtained any 
clear-cut relationship to any single physical factor. It would appear that the con- 
centrations were highest in locations where the ore body surrounding the working 
area was small or negligible. In the largest mine sampled, a considerable ore body 
was present and the concentration of radon was practically nonexistent. 

The deepest mine in this study did not indicate the highest concentration of 
radon, and those mines near the surface of the earth did show very important 
exposure characteristics. When we examined the concentrations in the working 
openings in relation to the extent of the surrounding ore body, we have noted that 
those mines enveloped by considerable minerals showed the lowest levels. 

This may be explained on the theory that radon is constantly being emanated 
from uranium (and radium) deep within the earth. This radon diffuses upward 
through the earth’s crust by gas pressure from below. Where an extensive mineral 
body surrounds an air pocket, the radon is prevented from escaping and must pass 
around the ore. Where minor ore concentrations exist, the radon diffuses in 
quantity into the working-area air and then maintains effective equilibrium with 
its decay products in dead-end drifts, where ventilation is at a minimum. 

Many phenomena have been observed in other fields of investigation which 
indicate the probable presence of uranium and its decay products in more significant 
amounts as one proceeds deeper into the earth. 

Attempts to utilize underground areas for neutron study have shown that a 
heavy increase in neutron production occurs at levels deeply below the surface of 
the earth. The greater part of this neutron flux came from below, leading to the 
assumption that the radiation originates in the center of the earth from the spon- 
taneous fission of ordinary uranium and thorium. 

Reports have been published which indicate the ability to locate oil fields from 
the air by mapping out background radiation levels detected by a scintillation counter 
in a plane flying at a uniform height over the suspected regions. The radiations, 
assumed again to be originating within the earth, effectively cast a “shadow” of the 
oil field, which may be traced with the use of sensitive radiation detectors. 

Recent studies of the radium content of sea water with depth and of the presence 
of uranium in volcanic ash indicate that there is a reason to believe the existence of 
much greater concentrations of uranium and decay products as one proceeds closer 
to the earth’s center. Several factors determine the clumping of this radium and 
uranium in sea water, although higher concentrations at lower depths appears a 
good generality. 
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The collection of helium in quantity has been considered as indicating the 
presence of large quantities of either uranium or thorium in subsurface rock. This 
helium is thought to be radiogenic, particularly since uranium decay-product mate- 
rial, such as radium, has recently been found in this subsurface rock in helium- 
producing areas. The radioactivity studies in some oil fields have concluded that 
abnormal quantities of uranium must be present in subsurface rock, although its 
exact distribution and location have not been determined. 


CONCLUSIONS 

The value presently in use for maximum permissible concentration of radon 
and radon daughter products of 10°! curies per liter may be exceeded in under- 
ground work areas as a result of the presence of natural radioactive parent materials. 
The concentrations may be of such nature as to present a significant hazard to 
those exposed. This would appear to be true in any underground work area in any 
section of the country, regardless of the absence of mineable uranium. 

The data indicate that the determination of radon concentrations can be suitably 
made by sampling for the short-lived daughter products. It appears that these 
decay products attach to dust nuclei in the air, that their total activity may be 
related to inert dust loading (including particle-size distribution) in the air. In 
this study, all dust samples analyzed for radon decay products agreed reasonably 
well with the direct gas samples, and any error appeared to be on the safe side. The 
dust-sampling technique should be further developed as a replacement for the 
rather expensive flask system for measuring radon concentrations. 

This study was aided by the participation of other members of the Division of Industrial 
Hygiene of the New York State Department of Labor. The Health and Safety Division of 


the New York Operations Office of the Atomic Energy Commission cooperated in making 
special equipment and services available. 
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RANGE-FINDING TOXICITY DATA 
List V 


HENRY F. SMYTH JR., Ph.D. 
CHARLES P. CARPENTER, Ph.D. 


CARROL S. WEIL, M.A. 
AND 


URBANO C. POZZANI, MS. 
PITTSBURGH 


INCE the appearance of our previous communications on the range-finding 
test,* additional data from our work have become available for presentation. 
They are listed in the Table. All materials named either are being handled in 
commercial quantities or have been tentatively evaluated for specific commercial 
applications within the past few years. A few are known by trade names not sug- 
gested by the chemical names given here. In particular, Cellosolve compounds are 
tabulated as oxyethanols ; Carbitol compounds appear as oxyethoxyethanols, etha- 
nolamines as substituted 2-aminoethanols, and diethanolamines as substituted 2,2’- 
iminodiethanols. 

It should be emphasized that the range-finding test is relied upon only to allow 
predictions of the comparative hazards of handling new chemicals. Acute toxicity 
studies, no matter how carefully planned, yield no more than indications of the 
degree of care necessary to protect exposed workmen and indications that certain 
technically feasible applications of a chemical may or may not eventually be 
proved safe. 

It appears inevitable that minor changes in details will take place in any method 
which is employed for a period of years. For that reason, as well as to save 
reference to the earlier papers in this series,+ the methods used for obtaining the 
data of the Table are briefly described again. 

Single dose oral toxicity for rats is estimated by intubation of dosages in a 
logarithmic series to groups of five male rats or at times to female rats. The animals 
are Carworth-Wistar rats, raised in our own colony, fed Rockland rat diet complete, 
weighing 90 to 120 gm., and not fasted before dosing. Chemicals are diluted with 
water, corn oil, or a 1% solution of sodium 3, 9-diethyl-6-tridecanol sulfate (Tergitol 
Penetrant 7) when necessary to bring the volume given one rat to between 1 and 
10 ml. Fourteen days after dosing, mortality is considered complete. The most 


From the Mellon Institute of Industrial Research, University of Pittsburgh. 
* References 1 to 4. 
+ References 1 to 4. 
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RANGE-FINDING TOXICITY DATA 


probable L. D.59 value and its fiducial range are estimated by the method of Thomp- 
son* using the tables of Weil.°. When fractional mortality is not observed, the 
LL. D.59 value is recorded without a fiducial range. 


Penetration of rabbit skin is estimated by a technique essentially the one-day 
cuff method of Draize and associates,’ using groups of four male New Zealand 
giant albino rabbits weighing 2.5 to 3.5 kg. The fur is closely clipped over the 
entire trunk, and the dose, retained beneath an impervious plastic film, contacts 
about 1/10 of the body surface. Dosages greater than 20 mil. per kilogram of 
body weight cannot be retained in contact with the skin. After 24 hours’ contact 
: the film is removed, and mortality is considered complete after 14 additional days. 

earlier papers in this series t have spoken of saturated vapor inhalation. Recent 
reexamination of our methods indicates that a less definite term is desirable. 
Accordingly, we now speak of concentrated vapor inhalation. This consists in 
exposing groups of six male albino rats to a flowing stream of air approaching 
saturation with vapors. The stream is prepared by passing dried air through a 
fritted disc gas washing bottle initially at room temperature. When carbon dioxide 
will react with the sample, the air stream is freed of that gas. Inhalations are 
continued for periods of time in an essentially logarithmic series with a ratio of 
two, extending to eight hours, until the period killing half the rats within 14 days 
of inhalation is defined. The Table records the longest period which allowed all 
rats to survive 14 days or, in a few instances marked by a symbol, the shortest 
period tried when this killed all rats. 

Inhalation of known vapor concentrations by rats is conducted with flowing 
streams of vapors prepared by various styles of proportioning pumps. Nominal 
concentrations are recorded, not confirmed by analytical methods. [Exposures are 
four hours long, although rarely an eight-hour period is used. Concentrations are 
in an essentially logarithmic series with a factor of two, and the Table records 
the concentration yielding fractional mortality among six rats within 14 days. 
Where no fractional mortality was observed, both the concentration yielding no 
mortality and that yielding complete mortality are indicated. 

Primary skin irritation on rabbits records in a 10-grade ordinal series the 
severest reaction on the clipped skin of any of five albino rabbits within 24 hours 
of application of 0.01 ml. of undiluted sample or of dilutions in water, propylene 
glycol, or kerosene. Grade 1 in the Table indicates the least visible capillary 
injection from undiluted chemical. Grade 6 indicates necrosis when undiluted, 
and Grade 10 indicates necrosis from a 0.01% solution. 


Ive injury in rabbits records the degree of corneal necrosis from various 
volumes and concentrations of chemical, as detailed by Carpenter and Smyth. 
Grade 1 in the Table indicates at most a very small area of necrosis resulting from 
0.5 ml. of undiluted chemical in the eye; Grade 5 indicates a so-called severe burn 
from 0.005 ml, and Grade 10 indicates a severe burn from 0.5 ml. of a 1% 
solution in water or propylene glycol. 


t References 1 to 4. 
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GAS-MASK PROTECTION AGAINST DECABORANE 


WILLIAM H. HILL, Ph.D. 
AND 
J. L. SVIRBELY, Ph.D. 
PITTSBURGH 


F' Jk ALMOST four decades the field of boron-hydrogen compounds has been 

investigated almost exclusively from a chemical standpoint. Owing to the diffi- 
culties involved in synthesizing these “boranes” (boron hydrides) and because of 
their inflammable nature, they were produced generally only in very small quantities 
and in closed apparatus. In consequence, no observations were made about their toxic 
nature. When these compounds advanced from the status of laboratory curiosities 
to that of industrial chemicals, this neglected problem gained prominence. Rozen- 
daal ' was the first to disclose the extreme hazards to humans exposed to boranes, 
and work in our own laboratories (unpublished) has confirmed on a more quantita- 
tive basis their extraordinary toxicity by whatever route they are administered. 

No protective measures have been disclosed so far, perhaps largely because no 
quantitative analytical methods for the determination of boranes have become known. 
Etherington and McCarty ? described a monitoring method for boranes, but it is 
semiquantitative at best and does not lend itself to the evaluation of protective agents 
except as to their gross value. However, two methods which are to be published 
by Hill and Johnston * are strictly quantitative and have been used to evaluate sub- 
stances which might serve as effective filling materials for chemical respirators of 
the conventional type. 

In the present study, we concerned ourselves with only one of the boron-hydro- 
gen compounds, namely, decaborane. The latter is a white, crystalline material 
which melts at 99.5 C. and boils at 213 C., sublimes readily even at room tempera- 
ture, and has a vapor pressure of 19.0 mm. at 100 C. For this reason air will pick 
up between 20 and 100 ppm of decaborane when passed through a bed of loose erys- 
tals, depending upon the prevailing room temperature and the contact time between 

: air and decaborane. The compound is soluble without decomposition in hydrocar- 
bons and some other solvents, and it is soluble in aqueous solutions of inorganic 
and organic basis, with which it forms “hypoborates.” The latter are strong reducing 
agents and decompose gradually, with the formation of hydrogen and borates. 
Decaborane, as well as some of the other boron-hydrogen compounds, is gaining 
industrial prominence, and new uses are being developed for these substances con- 


The work reported in this article was sponsored by the Army Chemical Center, Medical 
Laboratories. 


Research Associates, Department of Occupational Health, Graduate School of Public Health, 
University of Pittsburgh. 


* Hill, W. H., and Johnston, M.: To be published. 
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stantly. For instance, some of the boranes have been used for coating metals with 
extremely hard and oxidation-resistant layers of boron; decaborane has been used 
in lieu of sulfur in the vulcanization of rubber; a potassium hypoborate has been 
used as an initiator in the emulsion polymerization of styrene, and other boranes 
have been used as general cross-linking agents in polymer chemistry. This means 
that industrial personnel face the danger of acute and chronic exposures in the man- 
ufacture as well as in the application of boranes. Such hazards have been pointed 
out, for instance, by Krackow.* 

Preliminary studies on respiratory protection were carried out in this laboratory 
by passing an air stream saturated at room temperature with decaborane (about 40 
to 85 ppm) through simulated chemical respirators, passing the effluent air through 
caustic soda solution containing either hydrogen peroxide or potassium persulfate, 
and determining the boric acid formed from residual decaborane by oxidation and or 
hydrolysis with the aid of two standard methods, namely, the fluorometric method 
of White and associates ' and the colorimetric method of Naftel.”. This work was 
tedious by nature, and only a limited number of determinations could he made. It 
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Fig. 1.—Experimental set-up for testing gas-mask filling materials. 


seemed at that time that pieces of unglazed china impregnated with triethanolamine 
should constitute an excellent barrier to decaborane vapors. Tests carried out with 
mice substantiated this conclusion. However, with the development of the rapid 
and accurate analytical methods mentioned above, a more detailed investigation 
was undertaken with a view to reevaluating the gas-mask fillers used in the prelim- 
inary study, 

The experimental set-up was as follows. \ir at the rate of 16 liters per minute 
was passed through a “generator” consisting of a Turner bulb (Corning Cat. No. 
1960) and containing decaborane crystals. The decaborane-laden air coming from 
the generator was branched, one branch being normally closed with a pinchcock. 
This branch served from time to time for the withdrawal of a sample of air to deter- 
mine its decaborane content. The other branch was connected to a glass tube of 21% 
in. (6 cm.) internal diameter and containing a layer 1 in. (2.5 cm.) deep of the 
material to be tested. The test layer thus corresponded closely to the volume of the 
cartridges used in industrial-type chemical cartridge respirators. Since two such 
cartridges are used in the commercial respirator and since the normal breathing rate 


of a human at rest is about 16 liters per minute, the air rate employed in these tests 
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was about double the normal human rate, thus providing a margin of safety. The 
air, after its passage through the material to be tested, was branched again, one 
branch passing through a test solution and flowmeter which measured the rate of 


Taste 1.—Soda Lime 


Time Sample =‘ Time Sample 


Begun Ended 
(Min. from (Min. from Sample BioHys BioHis in 
Generator Start of Start of Taken, Found in Exit Air, 
Loss, Gm. Test) Test) Min Sample, + Ppm 
0 37 37 44 1.6 
3715 216 6.2 
52 lo S19 Pas 
124% 12049 ) 
0 a 7? 
35% like Lost 
Mike Whe mu 
* Fresh soda lime used for seeond run 
Tasre 2.—Silica Gel 
Time Sample ‘Time Sample 
Ppm Begun Ended 
(Caleulated (Min. from (Min. from Sample BioHis BioHia in 
Generator trom Start of Start of ‘Taken, Found in Exit Air, 
Loss, Gin. Weight Loss) Test) Test) Min Sainple, Ppm 
1.30 (7) 28.2 (7) o 61s “is 11.95 0.008 
1.5333 52.5 1s 27.6 0.08 
134s 1,528 Ist 242.4 O54 
1,528 1,738 210 438 1.23 
| 1.825 1 725 isi 
1.5231 1,130 0.086 
1400 270 ve O.007 
O.7406 44.1 210 163.5 0.27 
205 16 
a2.4 | 2,025 40 179.5 2.1 
{ 2,085 121.5 
| 2 30 259 3.2 
{ 2,315 65 [M7 41 
875 37 
1.2952 41.1 2.305 198 15 
240 62 
| 2 645 721 


air flow (about 0.5 liter per minute). The second branch was vented into a fume 
hood. Figure 1 shows a diagram of the experimental set-up. 

In testing the inlet and outlet air for decaborane content, use was made princi- 
pally of the quinoline method of Hill and Johnston.+ It consists, briefly, in passing 


+ Hill, W. H., and Johnston, M.: To be published. 
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the air to be tested through a solution of 2% quinoline in xylene. Decaborane com- 
bines with quinoline to form a deep-red adduct which is soluble in xylene. Full color 
development is attained in about one and one-half hours, and the optical transmission 
of the solutions is measured at 490 my in any spectrophotometer, such as the Coleman 
Junior or the Beckman instruments. The colored solution follows Beer’s law, and 
standardization curves are obtained with ease. Concentrations of about 1 to 20 y 


TABLE 3.—Activated Carbon 


Time Sample Time Sample 


Ppm gun Ended 
(Calculated (Min, from (Min. from Sample BioHis BioHie in 
Generator from Start of Start of Taken, Found in Exit Air, 
Loss, Gm. Weight Loss) Test) Test) Min. Sample, 7 Ppm 
1.2706 75.7 0 210 210 0 0 
210 480 270 41.1 0.06 
1.6687 62.4 | 430 525 45 7.96 0.067 
2.2835 63.6 0 450 450 5.8 0.004 
( 4) 300 89.7 0.12 
3.2459 95.5 750 810 63.5 0.37 
| 810 870 60 89.9 0.594 
f R70 1,050 180 246 0.48 
1.14670 es | 1,050 1,005 45 244 19 
1,095 1,170 75 443 2.07 
1,170 1,200 i) 276 3.22 
1.0848 O64 1,200 1,230 20 331 3.87 
| 1,230 1,275 45 508 434 
1,275 1,200 15 230 5.38 
f 1,290 1,350 60 276 161 
0.5608 57.5 1,350 1,380 233 2.72 
1,380 1,410 30 279 3.25 
0.2250 98.9 1,410 1,440 30 431 5.08 
0.7258 "5.5 f 1,485 1,500 15 439 10.25 


1560 


16.26 


Taste 4.—Unglazed Ceramic Ware Impreqnated with Triethanolamine 


Time Sample Time Sample 


Ppm egun tnded 
(Caleulated (Min. from (Min. from Sample BioHis BioHis in 
Generator from Start of Start of Taken, Found in Exit Air, 
Loss, Gm. Weight Loss) Test) Test) Min. Sample, 7 Ppm 
0 RO.5 0.313 
0.9046 68.7 w 1% 30 167 19 
| 120 165 45 788 61 
165 195 a 1,085 13.9 
195 205 10 615 249 


0.6916 48.1 0 180 180 131 0.256 


0.5062 


* Color not completely developed. 


of boron (as decaborane) per milliliter can be measured conveniently. In these 
investigations, decaborane-laden air was passed through the test solutions long 
enough to give a convenient color for direct reading, without further dilution. 
Materials to be tested were carefully screened to yield particles of 8 to 12 mesh 
size. This was done in order to eliminate, so far as possible, any unevenness of sur- 
face area and packing density and any unnecessary back-pressure, which would 
have been caused by finer particles. The mesh size chosen for this work falls between 
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270 290 20 460 8.1 
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| 330 340 10 229 8.2* 
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GAS-MASK PROTECTION 


AGAINST DECABORANE 


that used in military gas masks and that used in industrial-type respirators. It may 
therefore be regarded as a good medium between the extremes now in use. Materials 
used in the tests were the following : Soda lime was Wilson Brand, Fisher Scientific 
Co. Cat. S-205, 15% moisture ; silica gel was obtained from the Mine Safety Appli- 
ance Company and bore no special designation ; activated carbon was that of Pitts- 
burgh Coke and Chemical Company, designated as BP 8X12, E4 28-E. The tri- 
ethanolamine-impregnated unglazed china was prepared in this laboratory by adding 
15 ml. of technical triethanolamine to 100 gm. of broken and sized unglazed china 
(pottery). Tables 1 to 4 give the results obtained, and Figure 2 depicts them graph- 
ically. 

As will be seen from the Tables and the Figure, duplicate runs checked very well 
for silica gel and activated carbon and reasonably well for the other two materials. 
Sull better checks would have been obtained if the tests could have been carried 


Adsorbing Bed circular, 2/2" diameter 
depth 


| Air Flow 16 liters per minute 
| 

> = inlet Aw Loading 40-100 ppm B as decaborane 
4 
C * activated corbon 
ga silico gel 
¢ TEA *triethanolomine on ungiazed china 
7 | 

c 
! 
. 
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Fig. 2.-Respiratory protection against decaborane of several filling materials for chemical 
cartridge-type respirators. 


out without interruption until massive breakthrough occurred. Since it was impos- 
sible to run these tests on a shift basis, they had to be terminated at the end of each 
workday and were started anew each morning. In this manner, the filling materials 
‘ under test had recovery periods of various lengths, including prolonged week ends. 

During these rest periods the adsorbed or absorbed decaborane had a chance to 

hydrolyze or oxidize, causing an improved absorptive capacity of the filling materials 
: at the beginning of a new test period. In any event, the conclusion is justified that, 
under the conditions of our investigation, silica gel must be considered the best 
material, with a breakthrough time (for 1 ppm) of about 29 hours. Activated car- 
bon is next in line, with about 17 hours. Triethanolamine on china will last for about 
two to three hours, and soda lime is good for only about one-half hour. For continu- 
ous use the safe life might be somewhat shorter, perhaps only one-half of the above 
figures, and for very sporadic use the life might be extended considerably, particu- 
larly if the masses are regenerated by passing air through them. 
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ANIMAL EXPOSURES 


To corroborate the results obtained by chemical measurements, further evalua- 
tion was obtained with test animals. In a test carried out early in the investigation, 


before the various filling materials were evaluated, a simulated gas mask containing 
triethanolamine absorbed on broken china (bisque ware) was placed between the 
decaborane generator and the animal exposure chamber, as shown diagrammatically 
in Figure 3. Ten male mice (CW) were exposed for two hours to an air current 
containing about 36 ppm of decaborane (calculated from the weight loss in the 
generator). At the end of the exposures, all the animals were alive, and none died 
within a further observation period of two weeks. No indications of ill effect were 
noted among the animals. Two more tests of the same type were run but without 
the gas mask in line. The number and species of animals and the length of exposure 
were the same. In one test the decaborane concentration (calculated) was about 30 
ppm, and 4 out of the 10 mice were dead within 48 hours, corneal opacity being 
observed on the animals during the exposure. In the other text the decaborane 


SAMPLING 
OUTLETS 


Fig. 3.—Experimental set-up for animal exposure tests. 


concentration was about 36 ppm (calculated), and 5 out of the 10 mice were dead 
within 48 hours, similar corneal opacities having been noted. 

After the completion of the chemical evaluation work reported above, additional 
animal exposures were made in order to substantiate these preliminary findings. 
Young male albino rabbits of the New Zealand strain (about 500 to 700 gm. each) 
were exposed in substantially the same experimental set-up as shown in Figure 3. 
Sixteen liters of air per minute passed through the decaborane generator, then 
through the gas mask, and finally into the glass exposure chamber, which had a net 
volume of about 18.5 liters. In the control test, the gas mask was left out. The con- 
centration of decaborane in the inlet air was calculated from the weight loss in the 
generator during the test period and the total air volume used. Additionally, the 
decaborane content of the air was determined by the new quinoline method for the 
inlet air as well as for the air coming out of the exposure chamber. 

In the first experiment, without the gas mask, two rabbits were exposed at a 
calculated concentration of about 56 ppm of decaborane (average for the whole 
exposure). Spot samples of air analyzed by the quinoline method showed a con- 
centration of 21 ppm for the inlet air and 14 ppm for the outlet air, No explanation 
can he offered at this time for the discrepancy between the calculated and the experi- 
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mental decaborane value for the inlet air. It was probably an error by the tech- 
nician which cannot be traced. The outlet values seem quite reasonable in view 
of the fact that the dense hair of the rabbits could absorb a large percentage of the 
decaborane. The fur of the animals was indeed found later on to smell very strongly 
of it. In any event, these discrepancies between calculated and experimental values 
are not due to inherent faults of the analytical method, because the latter was found 
to be very reliable in numerous tests run during several weeks of chronic exposure 
tests made in this laboratory in connection with other phases of borane work. Within 
an hour, the rabbits were noted to be quiescent and to have moist noses. Several 
hours later, salivation was observed as well as considerable reddening of the ears. 
About four and one-half hours after the start of the exposure, the rabbits showed 
dyspnea; their eyes were practically closed; they appeared to be weak; salivation 
was increased, and they had a tendency to make a rhythmic movement of the head 
in an up-and-down direction, (in removal from the chamber, at the end of the six- 
and one-half hour exposure period, the rabbits had dyspnea, appeared to be mori- 
bund, lay on their sides, and showed no eye reflexes. The limbs were not rigid. 
The hair smelled strongly of decaborane. One of the rabbits had marked transitory 
convulsions on removal. Both rabbits were found dead about 16 hours after the 
end of the exposure. 


A simulated gas mask was used in the second experiment, employing silica gel 
of & to 12 mesh size. It was placed between the decaborane generator and the 
exposure chamber. Two rabbits of the same description as in the last experiment 
were exposed to air which had passed through the generator and had picked up 
approximately the same decaborane concentration (about 50 ppm) and then had 
passed through the gas mask. The rabbits appeared to be. normal throughout the 
six-hour exposure, and their hair did not have an appreciable decaborane odor when 
they were removed from the chamber. The same rabbits were exposed again the 
following day, for a seven-hour period, to air which contained about 62 ppm (caleu- 
lated ) of decaborane as it came from the generator. Again no toxic effects of decab- 
orane could be noted during and after the exposure. After four days the rabbits 
were still alert and very active and showed no ill effects whatever. The analytical 
results obtained by the quinoline method during these latter exposures bear out 
the effectiveness of the gas mask which was demonstrated so strikingly by the ani- 
mals. The inlet decaborane concentrations for the first and second tests were 50 
and 53 ppm, respectively, and the outlet air showed 0.09 and 0.11 ppm, respectively. 

P These figures prove that the gas mask was very effective for the total exposure 
period of 13 hours, and the insignificant rise in the decaborane concentration of the 
outlet air in the second test indicates that the mask would have been good for many 

more hours before a substantial breakthrough would occur. 


CONCLUSION 


The chemical and animal-exposure tests reported in this paper show that com- 
plete protection against decaborane vapors may be obtained for many hours by the 
use of a conventional chemical cartridge respirator filled with silica gel. Activated 
carbon is about half as effective, and materials like soda lime and triethanolamine 
on unglazed china would be useful for only a very few hours. A combination of 
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several of the tested materials, for instance, a layer each of soda lime, silica gel, and 
activated carbon, might offer real advantages in many cases, particularly where other 
boranes are mixed with the decaborane. Work on the effectiveness of such masks 
for other boranes is contemplated. 
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Special Article 


REVIEW OF LITERATURE ON HEALTH HAZARDS OF METALS 


1. Copper 


This bulletin is a compilation of excerpts from all significant publications dealing 
with copper and its possible relationship to biological phenomena. Two hundred 
thirty references from the literature concerning copper are reviewed, ‘The important 
conclusions in each article are given, but it should be noted no attempt has been 
made to evaluate the reliability of the data. As a consequence, articles supporting 
both sides of any controversial question can be found, and the reader must judge 
for himself which he feels is the most trustworthy. 

Archeological research suggests copper first came into use about 5000 B. C., and 
it is mentioned in the Bible (Tubal-Cain about 3870 B. C.) and by Herodotus 
(about 424 B. C.), Pliny (A. D. 75), and many others. Paracelsus (1567) and 
Ramazzini (1700) noted disturbances of the lungs, intestines, and skin of persons 
engaged in mining, smelting, and fabricating copper. Numerous studies of the 
possible toxic effects of copper in industry were made in the 19th century, and it 
was generally agreed that no such entity as chronic copper poisoning was found. 
More recently the possibility of disease caused by the inhalation of copper fume or 
very fine copper dust has been studied. Metal fume fever due to copper has been 
reported by several observers, but again the description is of an acute process, not 
a chronic intoxication. 


Much work was done late in the 19th century studying the possibility of copper 
poisoning through food or water in contact with copper cooking vessels. As a 
corollary, the use of copper salts added to foods to produce a green color was also 
investigated. Studies made in Korea, where brass utensils were used universally, 
indicated that life-long consumption of food prepared in such vessels was compatible 
with good health. German health officials in 1910 set a limit of 55 mg. per kilogram 
as the maximum amount of copper in copper salts which could be added to foods. 
Water carried in copper pipes was not found to dissolve enough copper to be harm- 
ful. The taste of milk pasteurized in copper vessels was found to be affected under 
certain operating conditions which increased the solubility of the copper. 


‘ In 1814 copper was first observed as a constituent of plants. It is now recognized 
as a normal constituent of all species and is said to be necessary for the normal 
physiology of the plant. 

: Marine animals contain copper as an essential constituent, and it is not present 
accidentally on account of contamination by sea water. Several authors feel that 
the copper is associated with a protein in the form of a copper-globulin or copper- 
albumin compound. Others have found copper as part of the mollusk respiratory 

pigment hemocyanin. 


Review of Literature on Health Hazards of Metals: I. Copper. By Sara J. Davenport. 
Price, obtainable on request (Information Circular 7666). Pp. 114. U. S. Department of the 
Interior, Bureau of Mines, Pittsburgh, Nov., 1953. 
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In 1875 copper was stated to be a normal constituent of human blood. As 
analytical methods were refined, more exact quantitative studies showed the pres- 
ence of copper in widely varying amounts as a constituent of almost all animal 
organs. 

The literature on the toxicology of copper is voluminous and contains both 
critical and uncritical attempts to harmonize the results of objective research, old 
wives’ tales, and prejudices rooted in antiquity. As recently as 1951, one author 
asserted that the toxicity of copper and its compounds is still a matter of dispute. 
It is generally agreed that large doses of copper salts by mouth act as an emetic 
and may produce violent vomiting and purging. Chronic copper poisoning in man 
has not been established. One author attributes hemochromatosis to the long 
ingestion of copper salts, but this has not been confirmed. 

Copper deficiency in plants causes a variety of growth inhibitions. In animals, 
copper deficiency is recognized as a cause of faulty bone formation (calves), change 
in wool fiber structure (sheep), and diarrhea (“peat scours” of cattle and sheep). 

Through the ages copper has been used on an empirical basis for the treatment of 
many diseases. Copper sulfate as a powerful irritant astringent is still recommended 
for local use. At one time copper was thought to be particularly useful in the 
treatment of cholera and tuberculosis but is not so used today. Cancer was also 
treated with various copper preparations. 

During the last 15 years the place of copper in the treatment of anemia has been 
intensively studied, Copper has been found indispensable for the maximum elabora- 
tion of hemoglobin, Diversified diets supply sufficient iron and copper for the 
maintenance of a normal blood stream in adults with normal hemoglobin require- 
ments. Diets deficient in blood-forming elements may be rendered complete by 
addition of standardized quantities of iron and copper salts. 


SHERMAN S. Pinto, M.D., Denver. 
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Abstracts frorn Current Literature 


General 


ACCIDENT FREQUENCY, PLACE OF OcCURRENCE, AND RELATION TO Cuonic Disease. S. D. 

Cotuins, F. and Dororuy S. Oriver, Public Health Monograph 14 
(Public Health Service Publication 249), U. S. Department of Health, Education, and Wel- 
fare, Public Health Service, 1953. 


This publication includes three papers, entitled, respectively, Accident Frequency by Specific 
Cause and by Nature of Injury, Risk of Accident at Home, in Public Places, and at Work, 
and Relation of Chronic Disease and Socioeconomic Status to Accident Liability. Industrial 
accidents are not treated extensively as such, but in the second paper a comparison is made 
among accidents at home, at work, and in public places. If the total number of accidents is con- 
sidered, most accidents occur at home; but when the time spent in the respective situations is 
taken into account, the home accident rate is 41% below the simple average of rates in the three 
places, with public-place and work accident rates 16 and 25%, respectively, above the average. 
Some less frequent types of accidents seem to be typical of work injuries, particularly handling 
of, or being struck by, objects. In the third paper it is shown that chronic disease apparently adds 
to accident liability. Repeated accidents were found more frequently among manual than among 
professional, clerical, and business workers. Accident frequency is highest among persons in the 


lowest income group. Hea. Decker 


Occupational Diseases and Hazards 


OF THE LUNGS IN ELperty A SMmoxy City. T. J. 
Moran, Dis. Chest 24:558-563 (Nov.) 1953. 


Study of a series of 770 autopsies on elderly persons, with an average age of 60 years, from 
the city of Pittsburgh revealed some degree of fibroanthracosis in 97 subjects, or 12.6%. In six 
instances fibroanthracosis was the sole cause of death; in two others, the principal cause; and 
in two others, a contributory cause. Six of the 10 (all men) had been coal miners for 4 to 33 
years. Analysis of the causes of death in the 97 cases indicated that the presence of fibroanthra- 
cosis does not increase the incidence of or predispose to death from other lung diseases, such as 
pneumonia, tuberculosis, and bronchogenic carcinoma. Fibroanthracosis was found in only 
seven women, and the lung damage was slight. In the fatal cases, the mechanism of death was 
congestive heart failure. Right ventricular hypertrophy was marked in almost all the fatal cases. 
This study suggests that long exposure to a smoky atmosphere does not result in any appreciable 
degree of lung fibrosis, although it may cause minimal scarring after many years. The disease, 
in the Pittsburgh district at least, is an occupational disease, predominantly, if not entirely, 


associated with coal mining. Inpust. Hye. Dicest 


CHROMATE Hazarps IN INDUSTRY: 


REPORT OF THE COMMITTEE ON OCCUPATIONAL DERMA- 
> TosEs, Councu. on Heattu. EK. N. Watcsa, J. A. M. A. 188:1305-1308 
(Dec. 5) 1953. 


Chromium in metallic form and in its trivalent and hexavalent forms is important in many 
manufacturing and industrial processes. Some of these are electroplating, anodizing, and other 
anticorrosive metal treatments, tanning of leather, manufacture of pigments and anticorrosive 
paints, mordanting of wool, fur, and leather, and photoengraving and lithography. Workers 
come in contact with chromates in the form of mist or dust that is inhaled and in solution or 
solid form. Inhalation may produce acute pulmonary symptoms or chromic hepatic intoxication ; 
in some rare instances of long exposure to dust, carcinoma of the lung is apparently produced. 


79 


| 


INDUSTRIAL 


HYGIENE 


AND OCCUPATIONAL MEDICINE 
Perforation of the lower nasal septum may result from inhalation of mists or dust. Chrome 
ulcer is produced by contact of the material with an abrasion or any break in the epidermis. 
Dermatitis due to contact of chromate-sensitive persons with these substances is the most 
important of the industrial hazards encountered. Apparently only the hexavalent compounds 
are sensitizing. The incidence of such sensitivity and the factors influencing its production are 
discussed. Chromate dermatitis is often patchy in distribution and more prolonged in its course 
than the usual contact dermatitis. Prophylactic measures include protective clothing, proper 
designing of machinery, and industrial engineering to reduce or to prevent contact with the 
material and contamination of work areas. Education of the workers as to the nature of the 
danger and the early detection, investigation, and management of any eruption that occurs are of 


prem From THE AuTHOR’s SUMMARY [INDUstT. HycG. Digest]. 


PNEUMOCONIOSIS IN GASWORKERS. F, H. Tyrer, J. Grecory, and M. B. Carson, Tr. A. 
Indust. M. Off. 3:246-249 (July-Oct.) 1953. 


Previous studies have left some doubt how far the dust to which gasworkers are exposed 
causes pneumoconiosis. A new study is now recorded in which 86 gasworkers (74 retort-house 
workers and 12 coke screeners), with more than 10 years’ employment, were contrasted with 
104 meter inspectors and district gas fitters. Ninety per cent of the coke dust consisted of particles 
less than 1.6 # in diameter. In the retort house there were 25 to 75 particles per cubic centimeter, 
and in the coke-screening plant, 600 to 1,300. Of the 190 persons examined, only 3 showed definite 
signs of pneumoconiosis, and all 3 were employed on the coke screens. No single case of pneumo- 
coniosis was found among the retort-house workers. The dust contained less than 1% of free 
silica. The dust exposure at the coke screens lay above the National Coal Board’s upper limit of 
safety—850 particles per cubic centimeter. 


The study seems to confirm the contention that all dusts are potentially dangerous, differing 
only with the chemical nature of the particles, the length of exposure, and the dust concentration. 
(The tendency to succumb to tuberculosis, not dealt with in this study, seems to be a special 
characteristic of exposure to silica dust.) 


E. L. Hye.]. 


Coat MINERS’ PNEUMOCONIOSIS IN CouNTY DuruAM. R. I. McCatium, Tr. A. Indust. M. 
Off, 3:249-251 (July-Oct.) 1953. 


Although individual observers had previously pointed out the damaging effect of coal dust 
in the Durham coal field, not until the Nuffield Department of Industrial Health opened a medical 
clinic in Newcastle was it found that pneumoconiosis was a major problem. Roentgenography 
indicated that a minimum of 3 to 6% of the miners in the county showed evidence of dust in their 
lungs. A roentgenological survey of the whole field, and also that of Northumberland, is needed. 
Disabling progressive massive fibrosis is a common finding among face workers, but it is not so 
frequent as in South Wales. It may be a chance finding in a symptomless stage, or dyspnea with 
bronchitis may be present, or unrelated cardiac or pulmonary disease. 


The causation of disability may be impossible to determine. Only a small number of miners 
with complicated pneumoconiosis have tuberculosis, but such cases advance rapidly. Many men 
with roentgenographic abnormality work away without disability, and progress is slow unless 
tuberculosis develops. A series of 20 men, aged 35 years and over, all elected to continue face 
work rather than change to less dusty work; they were too old to learn other work and earn 
lower wages. Dust suppression, as far as it is possible at the coal face, is the pressing need. 
Modern mechanization tends to increase the dustiness. 


FE. L. Hye.]. 


CORTISONE IN PNEUMOCONIOSIS WITH AND WITHOUT REVERSIBLE BRONCHOCONSTRICTION. 
M. C. S. Kennepy, Lancet 266:77-79 (Jan. 9) 1954. 


Twelve patients with chronic lung disease, 10 of whom had pneumoconiosis associated with 
variable degrees of bronchoconstriction responding to epinephrine, were treated for 14 days with 
100 mg. of cortisone daily. No objective improvement was noted, although eight patients thought 
their breathing was better. The objective tests were improved after treatment with aerosol 
epinephrine, The effect of epinephrine was not enhanced by cortisone therapy. The findings do 
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not suggest that cortisone has a place in the routine treatment of reversible bronchoconstriction 
associated with the pneumoconiosis of coal workers or pottery workers. No deleterious effects 
from the therapy were observed. 


CONDENSED FROM THE AuTHOR'’s SumMMARY [INDUst. HycG. DiGest]. 
REPORT OF COMMISSION OF ENQUIRY INTO FUNCTIONING OF THE SILICOSIS MEDICAL BUREAU 


AND THE SiLicosis Mepicat Boarp or Appear (D. O. K. Beyers, CHAIRMAN). Union 
of South Africa Government Printers, 1952. 


The Silicosis Medical Bureau of the Transvaal was the first authority to deal with silicosis as 
an occupational disease more than 50 years ago. Hence interest attaches to the recommendations 
now made by a Commission of Enquiry to improve its activities. They appear under five headings, 
after statements of present practice. The initial examinations, when new workers are taken on, 
should be more thorough clinically and should be more carefully recorded. Every periodic or 
benefit examination should be thorough, with, if necessary, hospital investigation and roentgen- 
ography. Small films are sufficient at primary examinations. The power to issue certificates is 
vested in the Bureau as a whole, not in individuals; this procedure is cumbersome ; an examining 
member should be competent to certify. Periodic examinations of miners are unnecessarily fre- 
quent; once every 3 years is enough until the man has worked 7 years, then once in 2 years is 
cnough; after 13 years’ work he should be examined annually. (In this respect it is important 
to note that a distinction is made between miners and native laborers; the latter are more fre- 
quently examined by medical officers attached to mines and also by the Bureau.) 

The medical staff needs to be increased, with higher remunerations. The Board of Appeal 
should consist of five part-time members; it is suggested that one member might suitably be a 
retired judge or advocate. Facilities for fluoroscopy need to be brought up to date by purchase of 
a modern unit; a tomographic unit is also considered essential. Research should be left to Sili- 
cosis Research Committees, one for dust prevention and one for medical work. Recommendations 
are made for tightening the legal definitions of silicosis and tuberculosis to meet the require- 
ments of compensation law. E. L. Conus [Butt Hye.]. 


STRATIGRAPHICAL Stupies IN Siticosis. E. ZANett1 and A. Carpant, Med. lavoro 45:65-83 
(Feb.) 1954. 


One hundred cases of silicosis have been examined from the roentgenological point of view, 
with a particular care for the stratigraphical analysis. The cases have been divided into three 
groups. In the first one, at the stage of reticulation and nodulation, the stratigraphy is intended 
to highlight the distribution of reticulum and noduli and to study the behavior of the hilar and 
parahilar lymph nodes. In the second group, including the nodular confluent forms and the initial 
conglomeration, the purpose of the stratigraphical examination is to analyze the densest areas, 
their extension, their margins, and their thickness. 

In the third group, including the most serious cases, the aim of the stratigraphical analysis is 
to study the densities, the emphysema, the alterations of the hilus, the tracheobronchial tree, but 
especially to see if there is an eventual association with tuberculosis. 


THE AUTHORS’ SUMMARY. 


PORPHYRIN CONTENT OF THE BILE IN SATURNISM. GruLIo Satta and Luciano Moreo, Med. 
lavoro 45:84-92 (Feb.) 1954. 


Contents of porphyrins in the bile have been determined on 21 subjects, 12 of whom gave 
evident signs of an outstanding acute saturnism and 9 were in a stage of chronic saturnism. 
Particular attention has been given to the behavior of the coproporphyrinic isomers in the bile. 
The authors’ researches have evidenced that (1) saturnism causes a higher biliary elimination 
of porphyrins (three times the normal amount) ; (2) this increase is more evident when saturnism 
is acute rather than in its chronic stage; (3) coproporphyrin and protoporphyrin IX only are to 
be found in the bile of subjects suffering from saturnism in a reciprocal ratio not differing from 
the normal one; (4) elimination of protoporphyrin in the bile due to saturnism has almost the 
same behavior as that of protoporphyrinhemia, and (5) determination of the isomerism has 
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shown that the bile of subjects afflicted by saturnism contains both coproporphyrin I and copro- 
porphyrin I]i in a percentage remarkably deviated in favor of coproporphyrin III, as compared 
with the ratio in normal subjects. It may be assumed that the higher contents of coproporphyrins 
in the bile of subjects suffering from saturnism are mainly due to an increased elimination of 
coproporphyrin IIf. In the urine, as well as in the bile, the elimination of coproporphyrin I 
resulted in being slightly higher than the normal one, whereas the elimination of coproporphyrin 
II] strongly increased. It is inferred that saturnism produces a metabolic alteration especially 
affecting protoporphyrin IX and coproporphyrin III and therefore the porphyrins of Series III. 
According to the findings, it does not seem strictly necessary to ascribe to the liver a special 
claborating function of the porphyrins of Series IIL but only an eliminatory function, competing 
with that of the kidneys, of the porphyrins of this series, manifestly increased in the blood of 
subjects afflicted by saturnism on account of a wrong metabolism in the hemoglobin synthesis. 


From THE AuTHORS’ SUMMARY. 


Industrial Toxicology 


OcuLar Errects or Metuyt ALCOHOL PoIsONING: REPORT OF A CATASTROPHE INVOLVING 


320 Persons. C. J. Benton and F. P. Carnoun, Am. J, Ophth. 36:1677-1685 (Dec.) 
1953. 


Clinical and pathological observations on a group of 320 patients with acute methyl alcohol 
poisoning are reported. There were 37 deaths. Visual symptoms, occurring 18 to 48 hours after 
ingestion of methanol, included blurred vision, loss of central vision, and complete blindness. 
Pathological changes are described. Acidosis was present in every severely poisoned patient. 


Partial or complete recovery from the reduced visual acuity was observed in most patients. 
If the visual acuity did not return to normal within six days after treatment was begun, it 
invariably dropped again to a very low level. On the basis of results obtained in this series, the 
most effective treatment of methyl alcohol poisoning consists of intensive and prolonged alka- 
linization. 


Inpust. Dicesr. 


TOXICITY 


AND PHARMACOLOGY OF BorRON Hypripes: STatus SUMMARY OF WorK PeEr- 


FORMED Up TO About JANUARY 1, 1953. J. H. Wills, Atomic Energy Commission Publica- 
tion AD-8539 (Medical Laboratories Special Report 15), 1953. 


The boron hydrides (diborane, pentaborane, and decaborane) are highly toxic compounds 
which must be handled with due respect for their toxicity. The chief danger from diborane 
appears to arise from the local actions of the inhaled gas on the lungs. The chief danger from 
pentaborane and decaborane probably lies in the production of convulsions. Poisoning by penta- 
borane and decaborane can occur by absorption from the skin and conjunctival surfaces as well 
as by inhalation. No specific therapy is known for poisoning by any of the boron hydrides 
Treatment at the present time must be on the symptomatic basis. 


From tHe AutHor’s SUMMARY [NUCLEAR Scr. 


CARBON TETRACHLORIDE Potsontnc: A Review. B. L. Harbin Jr., Indust. Med. 23:93-105 
(March) 1954. 


A thorough, chronological. account of the uses and abuses of carbon tetrachloride in medicine 
and industry is presented. It was first discovered by the French chemist and physician, H. V. 
Regnault, in 1839 as a product of the action of chlorine on chloroform in sunlight. It is com- 
mercially prepared by chlorinating carbon disulfide or methane. Its anesthetic and analgesic 
properties are fairly well compared with those of chloroform. Its primary effects are very 
analogous to those of chloroform, but it takes longer to produce the same degree of anesthesia 
and generally longer to recover from it. 

Carbon tetrachloride was formerly frequently used for dry shampooing. But the trade seemed 
quite unaware of its dangers. Sporadic deaths in London, on the Continent, and in the United 
States made this obvious. One such autopsy showed the cause of death to be “syncope due to 
status lymphaticus accelerated by carbon tetrachloride.” 
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As an anthelmintic, carbon tetrachloride was almost unexceiled in the treatment of hook- 
worm. However, here too its use was not without great danger, for now and then a death would 
eventuate. Necropsies in such cases showed central necrosis and fatty degeneration of liver cells, 
plus kidney fat droplets in the cells of the loops of Henle and convoluted tubules, with rarely 
adrenal gland necrosis. Ingestion of alcohol aggravated the central liver lobule necrosis. High 
carbohydrate, high protein diets provided partial liver protection. 

Industrially, carbon tetrachloride is valuable as a solvent for oil, grease, fats, waxes, rubbers, 
paints, lacquer, asphalt, gums, and resins. It 1s useful as a dry cleaner, and its noninflammability 
makes it superior to gasoline and naptha. However, it must be kept from intense heat to avoid 
the production of phosgene. It is also one of the raw materials in the production of Freons used 
as refrigerants. Alice Hamilton wrote about the use of carbon tetrachloride as a substitute for 
carbon disulfide as a noninflammable solvent in the American rubber industry in 1915. Workers 
exposed indiscriminately to its vapors developed nausea, vomiting, loss of weight, irritation of 
the eyes, and weakness. 


Threshold limits for carbon tetrachloride were 100 ppm in the atmosphere of factories in the 
United States in 1933. Recently, the recommended threshold limit has been dropped to 50 ppm 


or less. Above this nausea may be produced. Regular exposures should fall below 25 ppm, and 
the average should not exceed 10 ppm. 
In clinical poisoning by carbon tetrachloride, liver symptoms predominate because the 


portal vein carries the poison first to the liver. Alcohol increases one’s susceptibility to poisoning. 


The most important type of poisoning from carbon tetrachloride is the subacute, The acute and 
chronic types of poisoning are also aptly discussed in the article. Exposure doses small enough 
to remove adhesive tape can cause cessation of respiration, pulselessness, and collapse. Cardiac 
arrhythmias of severe degree can follow mild exposure. Lower nephron nephrosis or acute 
renal insufficiency occur in the subacute type of poisoning. In the chronic type, in addition to 
giddiness, nausea, and vomiting, an outstanding physical sign is diminished visual acuity, varying 
to even complete loss of vision. Dermatitis is a common symptom following skin contact 
I-vidence of disturbed prothrombin time determinations was manifested by 


subconjunctival 
hemorrhages 


In addition to the above-mentioned pathologic changes occurring in carbon tetrachloride 
poisoning, there are pulmonary edema, bronchopneumonia, acute hemorrhagic colitis, acute 
myocarditis, toxic degeneration of parts of the brain, retinal hemorrhage, pancreatic and 
adrenal fatty degeneration, and duodenal ulcer. 

Treatment for any form of carbon tetrachloride poisoning consists in supportive measures 
aimed at helping nature tide the patient over until the regenerative power of the affected liver and 
kidney restores them to normal agam. 


A bibliography of 165 references is given. 


Davin E. Rosencarp, Boston. 


CHANGE IN ELECTROLYTES IN A Case OF PARATHION Potsontnc. J. Wo Annis and J. W. 
J. A. M. A. 152:594-596 (June 13) 1953 


The authors report a case of acute parathion poisoning, in which coma and convulsions 
developed about four hours after the onset of symptoms, and breathing had ceased when the 
patient was admitted to the hospital. After six and one-half hours of artificial respiration with 
oxygen administration, the patient eventually recovered. Excessive heating of the canister on 
the anesthetic machine indicated high acidity of the expired air. Tests of the serum showed a 
decrease of pH to 6.76, a reverse of the calcium-phosphorus ratio, and an increase of potassium. 
The serum pH and calcium-phosphorus ratio had returned to normal by the next day, but the 
potassium remained above normal for four days. Cholinesterase activity returned to normal, The 


serum changes suggest to the authors that there are unknown effects of parathion potsoning, 


in addition to the cholinesterase changes, and that a new approach to the problem may be 
necessary. 


Inpust. Hye. Dicest. 
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OCCUPATIONAL PHOsPHINE PotsoninG. H. T. Puitties, Med. Officer 91:118-119 (March 12) 

1954, 

Exposure to phosphine or phosphoretted hydrogen gas is unusual. The incident reported 
concerned 14 men employed in laying a new concrete foundation for a road. A batch of cement 
of German origin was used. This batch was found to contain 6 ppm of phosphine. A smell, 
reminiscent of acetylene or carbide, was noticed, which became very pungent when the cement 
was wetted. The men experienced unpleasant, but not severe, symptoms during a week while 
this batch of cement was in use, Anorexia, headache, nausea, abdominal pains, and epistaxis were 
reported; but recovery followed cessation of exposure, and the incident did not come under 
notice for a fortnight, by which time all the workers had recovered. There was no hemolysis 
and no jaundice. No other cases could be traced to the use of this batch of cement. Possibly 
the phosphine contaminated the cement through traces of calcium phosphide. Cement manu- 
facturers are following up the matter. E. L. [Butt. Hye.]. 


Two Cases or Potsoninc. G. NApgeau, R. Corr, and F. J. DELANEY, 
Canad. M. A. J. 70:69-70 (Jan.) 1954. 


The toxicology of ethylene glycol is briefly reviewed, with a summary of the findings in 37 
reported cases, 34 of which were fatal. Two more cases are presented, in which the main clinical 
picture was similar to that of methyl alcohol poisoning, with latent period severe acidosis but 
without permanent ocular damage. Treatment of the acidosis with sodium lactate proved success- 
ful. The follow-up failed to reveal any permanent damage. Sesiwer. Hira. Packer. 
ACUTE PARANITRANILINE PoItsONING IN Dock Laporers. M. N. Gupta, Proc. Soc. Stud. 

Indust. Med. (India) 5:32-36 (March) 1953. 


Several cases of poisoning by paranitraniline occurred among dock laborers who swept the 
hold of a ship where a quantity of the material had been spilled. This drug is considerably more 
poisonous than aniline, and its absorption by inhalation is said to be enhanced by a moist warm 
environment. All the men recovered rapidly. The toxicology of paranitraniline and the means 
cf its detection are discussed, Protection is simple once the hazard is recognized. 


Inpust. DiGEst. 


Leucosis Dur to R. Poinso, J. N. Bonpit, and G. Rur, Mém. soc. 
méd. hop. Paris No. 1/2, 13-16, 1954. 


The case reported is an unusual one, although others have been recorded. A man, aged 48 
years, who had suffered from benzene poisoning in 1947, came under observation at a periodic 
examination. He had been employed for nine years in spraying a cellulose paint with a benzene 
base on airplanes. His illness had not prevented him from continuing his occupation. The blood 
findings during the 12 months of observation indicated that in June, 1952, with a red cell count 
of 4,600,000 per cubic millimeter, the white blood cell count was 15.000; the latter count con- 
tinued high and was 32,800 in April, 1953. Then treatment with teleradiotherapy was started. 
It was continued until June, 1953, by which time the white blood cell count was down to 6,600. 
There were nine treatment sessions. 

This hyperplasia due to benzene is much rarer than aplasia. Other references in the literature 
are quoted. The condition has been obtained by experiments on mice; a latent period, often 
prolonged, is characteristic. No definite, systematic, accompanying pathological changes were 
detected. The condition is considered to call for immediate treatment, and the value of tele- 


radiotherapy is stressed. E. L. Coutts Hye.] 


HEALTH HAZARDS IN THE PREPARATION OF CARBON TETRACHLORIDE INSECTICIDE AND ANTI- 
FIRE CYLINDERS WITH PARTICULAR REFERENCE TO HEPATIC Function. C. Sassi and 
C. Paruccint, Med. lavoro 45:93-103 (Feb.) 1954. 


This is a report of observations on 13 workers concerned with the manufacture of insecticide 
and fire-extinguisher cylinders containing 10 and 97% of carbon tetrachloride, respectively. 
Carbon tetrachloride concentration in workshops was from 14 to 67 ppm, averaging about 
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30 ppm (equal to 0.19 mg. per liter). Two cases of poisoning were found during the authors’ 
investigations, one acute and the other chronic. The acute case presented dizziness, headaches, 
nausea, vomiting, abdominal pains followed by diarrhea, subicteric increase of bilirubin, and 
highly positive hepatic function tests; the serum. colloid stability tests (s.c.s.t.) were normal. 
One month after the accident the s.c.s.t. results altered, while the hepatic function tests were 
shown to be normal; the s.c.s.t. results too were normal after five months. The chronic case pre- 
sented nausea, diarrhea, abdominal pains, paresthesias, psychic obnubilation, hepatomegaly, and 
slight polyneuritis of the limbs. The galactosuria and serum colloid stability tests were normal ; 
the other hepatic function tests were pathological. The remaining 11 workers, who had never com- 
plained of symptoms due to CCl,, were subjected to hemachromocytometric, renal function, and 
serum colloid stability tests which were all shown to be normal. Of the hepatic function tests, the 
galactosuria was always normal; hippuric acid was found in the urine in two out of four cases; 
the santonin and quinine tests were severely positive in all cases. The two latter tests proved 
to be the fit test to reveal the initial stages of hepatic suffering. Chronic exposure to CCl, in 
maximum allowable concentration was found to greatly affect the antitoxic function of the liver, 
when other hepatic functions and the blood and renal functions were still sound. 


From THE AutTHORS’ SUMMARY. 


Medicine and Surgery 


ORGANIZATION OF First Arp #N WorK Praces. N. G. Marr, Tr. A. Indust. M. Off. 3:260- 
263 (July-Oct.) 1953. 


The provision of first aid in industry calls for careful organization in the provision of the 
needed materials and, more particularly, in the training of first-aiders. An account is given of 
how it has been done in a heavy and light engineering factory. There are first-aid boxes and 
first-aid-box attendants in every department. They wear a badge while at work and are paid 
an honorarium. They must attend courses of instruction, and they have their wages assured if 
first-aid work interferes with their output. They are really part-time members of the medical 
staff. The organization functions even when the factory may be closed, since there are always 
persons about. 

Special consideration is given to treatment of poisoning by carbon monoxide for which the 
oxygen/COs mixture is no longer recommended. Oxygen alone should be provided for use by 
well-trained first-aiders. Corrosive chemicals need special antidotes. In the case of a caustic soda 
plant, 5 gal. containers hold a 5% solution of ammonium chloride to be drenched over splashes. 
\n eyewash bottle is essential for the irrigation of an eye by a skilled person while the patient 
lies down. Against corrosives generally and for the eyewash bottles buffered phosphate solution 
should be used. This solution is composed of monobasic potassium phosphate, 70 gm., and 
dibasic sodium phosphate, 180 gm., dissolved in 1 liter of water, with 0.01 gm. of brilliant green 
to discourage the growth of algae; if well stoppered, it will keep for four months. 


Competitions are of great value in stimulating interest; teams become extremely keen. 
Tests should be life-like and simulate real incidents. Wherever as few as 9 or 10 workers are 
active away from others, one is given special first-aid training; he is taught clean ways of work- 
ing, what to treat, and, more important, what not to treat. Periodic refresher courses are 
important. Small factories, where the bulk of labor is employed, can join to organize supervised 
first aid. 


E. L. [Burn Hye.]. 


Environmental Conditions 


Recent ADVANCE IN SANITARY EQUIPMENT FOR Use IN Coat MINES AND UNDERGROUND 
WorkIncGs: H. & H. Mosi_e Latrrine. T. A. Hunt and H. Hype, Tr. A. Indust. M. Off. 
$3:251-255 (July-Oct.) 1953. 


Underground sanitation tends to be neglected; but where it is not effective rats flourish, and 
rats transmit Weil’s disease. In tropical mines, where hookworm and other infestations abound, 
lack of sanitation breeds serious trouble. Much thought and ingenuity have been expended in 
designing the latrine here described. It is built so that it can be attached to coal tubs for removal 
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out of the pit for emptying and cleaning. It is liquid tight; so there is no objectionable smell and 
uo spillage. Privacy can be obtained by screening with brattice cloths. Cleansing at the outside 
disposal point is effected by free use of water spray, always available at every pit-head, The 
structure of this mobile latrine is shown in an illustration. 


E. L. Hye.]. 


Determination of Air-Borne Contaminants 


Stupy to DeterMINeE PoTeNTIAL Dust Exposure IN CONNECTION WITH INTERMITTENT 
Rock Drittinc 1n Coat Mines. C. W. Ow1ncs and L. Jonnson, Investigational Report 


5,004, U. S. Department of the Interior, Bureau of Mines, October, 1953. 


The survey demonstrated that rock drilling in coal mines, even for short periods without 
dust control, presents a health hazard, as men working at the drills or in the path of return air 
may be exposed to high concentrations of silica-bearing dust. The use of respirators should be 
confined to short periods and restricted to situations in which it is not feasible to control dust by 
other means. In all other situations, dust should be controlled at its source by using wet drilling 
or approved dust collectors. It was very difficult to classify any particular type of operation as 
short-time or long-time drilling, as the exposure times varied widely, Excessive concentrations of 
dust were encountered during all types of power drilling and with all conditions of ventilation. 
Generally, electric and hydraulic drills produce less dust than pneumatic drills. Hand-operated 
drills are usually operated at such speeds that no extremely high dust concentrations are gen- 
erated. It is suggested therefore that dust-control measures should be taken while using any type 
of power drill, and respirators should be worn while using hand-operated drills. 


CONDENSED FROM THE AutTHORS’ SUMMARY [INDUstT. HycG. DiGest]. 


Ventilating, Air Conditioning, and Engineering Control 


Erriciency Srupres oF THree Wert-Type Dust BERNARD D. BLOOMFIELD, 
Heat. & Vent. 51:89 (April) 1954. 


Performance data are supplied for three typical designs of commercial wet scrubbers. Field 
tests indicated weight collections’ efficiencies ranging from 89 to 97% for applications against 
foundry, sand, and gravel dusts. Pressure loss, initial and operating cost, and capacity data are 
furnished for each unit. The author concludes that the collectors are acceptable in terms of 
atmospheric pollution standards. However, effluent concentrations are too high to permit 
recirculation of exhaust air. 


RicHARD DENNIs, Boston. 


Spray Bootus Design AND Operation. Jack Batirr, Month. Rev. New York State Dept. 
of Labor 33:9-12 (March) 1954. 


Spray booths are open-faced enclosures equipped with exhaust ventilation and sprinkler 
systems. The booths should be designed to contain the job and allow freedom of movement for the 
operator, As the booths are built for fire, explosion, and health protection, they must be designed 
to conform with regulations of more than one government agency. Exhaust systems should have 
the capacity for the job without excessive power consumption. Bends and leaking joints should 
be avoided in the piping system. The booths should be kept clean for safe and efficient operation. 
Paint scrapers used for cleaning paint booths should be of a nonsparking variety. Booths can be 
improved by a water wash which helps reduce fire hazards and helps to reduce the disfiguration 
of roofs and buildings. Spraying in an electrostatic field saves paint and reduces health and fire 
hazards. This type of spraying must never be done by hand. Downdraft ventilation is desirable 


in a booth where more than one man is to work. Wistun Gian. tate 


Radioactive Substances and X-Ray 


Hazarp EvaLuation AND AFTER A SPILL oF 40 Mo. or Rapium. R. K. Skow, 
V. V. Vanpivert, and F. R. Ho_pen, Nucleonics 11:45-47 (Aug.) 1953. 


A contamination survey was made of laboratory personnel and equipment on the occasion of 
a 40 mg. spill of Ra. Decontamination procedures are outlined. 


Nuciear Scr. Asst. 
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News and Comment 


NOTICES 
Application for Grants in Cancer Research 


Acting for the American Cancer Society, the Committee on Growth of the National Research 
Council is accepting applications for grants-in-aid for cancer research in the United States. 
Applications received before Oct. 1, 1954, will be considered during the winter, and grants 
recommended at that time will become effective on July 1, 1955. Investigators now receiving 
support will be notified individually regarding their application for renewal. 

The Committee feels that an understanding of cancer depends upon a deeper insight into 
the nature of the growth process, normal and malignant. Therefore, the scope of the research 
program is broad and includes, in addition to clinical investigations on cancer, fundamental 
studies in the fields of cellular physiology, morphogenesis, genetics, virology, biochemistry, 


metabolism, nutrition, cytochemistry, physics, radiobiology, chemotherapy, endocrinology, and 
environmental cancer. 


Application blanks and additional information may be obtained from the Executive Secretary, 


Committee on Growth, National Research Council, 2101 Constitution Ave., N. W., Washington 
23, 


Radiological Health Training Program 


In recognition of the increased use of radiation and the associated health protection prob- 
lems, the Public Health Service, United States Department of Health, Education, and Welfare, 
sponsors a radiological health training program. The purpose of the program is to indoctrinate 
public health workers with the significance of ionizing radiations, the environmental and occu- 
pational hazards attendant on their use, and recommended procedures for minimizing such 
hazards. The training program is presented at the Robert A. 


Taft Sanitary Engineering 
Center, Cincinnati, Ohio. 


It is designed primarily for professional personnel of state and 
local health departments, but a limited number of qualified applicants from other governmental 
agencies and industry will be welcome. 

The following courses are among those being presented in 1954-1955. The 
this Journal might be particularly interested in them. 


Jan. 24 to Feb. 4 


March 7 to 10 


f 


readers 


For further information address: Chief, Radiological Health Training Section, Robert 


Taft Sanitary Engineering Center, 4676 Columbia Parkway, Cincinnati 26, Ohio. 


INDEXES 


This issue of the ARCHIVES appears in two parts, the second of which is the index for the 
preceding volume. To make the index more usable to the readers and to enable them to find 
information with less difficulty than has been encountered in previous volumes, the index has 
been broken down into three separate indexes: Title Index, Author Index, and Subject Index. 
The Title Index, which will take the place of the six-month Table of Contents, previously 
published with the index of the journals, has been prepared in such form that it can be separated 


from the other indexes and bound in the front of the volume. It consists of the titles of the 


87 


4 

| 

‘ 2 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


articles arranged in alphabetical order and accompanied by the name of the author, the name 
of the senior author if there are more than two, the names of both authors if there are two, 
and the page number on which the article begins. The Author Index contains the names of all 
authors of articles appearing in the Arcuives and of the presenters of cases or papers before 
societies. The third index, the Subject Index, contains in alphabetical order the important 
subjects which have been dealt with in the volume. Individual abstracts are no longer indexed ; 
only the categories under which they have been classified are listed. Book Notices and news 
items are included in this Index. 


CORRECTION 


In the article, “Effect of Cortisone on Experimental Silicosis in Rats,” by Drs. Bruno 
Marenghi and Lorenza Rota, in the April, 1954, issue of the Arcuives, by error the legends for 
the last four photomicrographs have been published under illustrations to which they do not 
apply. The legend under Figure 5, at the bottom of page 319, should be under Figure 7, on 
page 320; the legend under Figure 6 should be under Figure 5; the legend under Figure 8 should 
be under Figure 6, and the legend under Figure 7 should be under Figure 8. 
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Books 


Psychosomatic Case Book. By Roy R. Grinker, M.D., and Fred P. Robbins, M.D. Price, 
$6.50. Pp. 346. The Blakiston Co., 575 Madison Ave., New York 22, 1954. 


As stated in the preface, it is the intention of the authors of this book to introduce the reader 
to the basic principles of a psychosomatic approach in medicine. By presenting clinical histories 
ef patients suffering with various diseases, they demonstrate how psychiatric concepts and 
methods add to the understanding and management of illness. The case demonstrations are 
presented in several sections to illustrate the general concepts, problems of diagnosis, special 
syndromes, and therapeutic methods. 

I have been especially interested in this, because any book which will clarify and explain 
the many problems with which the physician in industry is confronted daily can be of great 
help. To be sure, the average physician in industry is not adequately oriented in psychiatry, 
but his experience in industry quickly teaches him that there is more to symptoms than the 
physical explanations. Dealing as he does with a large proportion of borderline cases, he is 
constantly confronted with the importance of background emotional information. 

I found the case histories very clear and meaningful, but I often wished simpler and more 
easily grasped words had been used in explaining the concepts. As an industrial physician I 
found it necessary to refer frequently to the dictionary. If psychiatrists wish to have their con- 
cepts understood and used, they must speak a simpler language. Physicians in industry are 
constantly being asked by employees for explanations of their health problems, and as a result 
they learn to talk more understandably of involved medical matters. 
simplicity in psychiatric public relations—as well as in all medicine. 

For the industrial physician who is interested in the use of psychiatric principles, the 
“Psychosomatic Case Book” is excellent. It throws great illumination on those puzzling areas 
where emotional conflict and tension precipitate or hasten physical dysfunction and disintegra- 
tion. In the words of the authors; “For diagnosis, for simpler forms of therapy, and for a 
knowledge of what cases to refer for psychiatric help, and how and when to refer them, every 
medical man in this enlightened age should know the principles and the operational procedures 
of psychosomatic medicine.” The authors obviously bring sound training and great scholarship 
to a confusing and difficult field. Their book is not a ready reference compendium but rather 
a discipline for those who have a will to learn. 


This is a plea for 


Wititiam A. Sawyer, M.D., Rochester, N. Y. 


Pathology of Trauma. By Alan Richards Moritz, M.D., Price, $8.50. Ed. 2, Pp. 414, with 126 
illustrations. Lea & Febiger, 600 Washington Sq., Philadelphia 6, 1954. 


Dr. Moritz has long been recognized as an outstanding authority in the field of legal medicine. 
He has gone to great lengths in this book to present an all-inclusive, authoritative text, com- 
mencing in the early chapters with fundamental pathology, exemplifying the various traumatic 
inethods of producing local disturbances in circulation and their eventual outcomes. 

The etiological diagnosis of mechanical injuries caused by suicide, homicide, and foul play 
are very well described and illustrated, with rather dramatic photography and artistry. 

There is an excellent résumé of the various types of gunshot wounds, including methods 
of identifying entrance and exit wounds. Injuries resulting from detonation of high explosives 
and from atom-bomb explosions are well handled. 

The bacteriology of trauma and infection is considered from a clinical rather than a 
laboratory point of view. Certain portions of this treatise are discussed from an aspect of claims 
for compensation, e. g., the relationship of tumors to mechanical injuries. 

Consideration of the etiological and statistical evidence concerning trauma and tumor 
development is discussed at length, including references to experimental data available up to the 
time of publication. Mechanical injuries of the cardiovascular, gastrointestinal, urogenital, central 
nervous, and skeletomuscular systems are extremely well dealt with in detail. 

Numerous very useful references follow each individual chapter. Finally, the chapter on the 
medicolegal autopsy offers extremely valuable data for the identification of skeletal remains, 
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determination of age of bones, estimation of stature from portions of the body, estimation of the 
time of death by livor mortis, rigor mortis, putrefaction, etc., and by entomological and botanical 


evidence. A description of the autopsy and its record are also presented. 


Davip E. Rosencarp, M.D., Boston. 


1954 Medical Progress. [dited by Morris Fishbein, M.D. Price, $5. Pp. 345. The Blakiston 
Company, 575 Madison Ave., New York 22, 1954. 


This volume is the second in a series of what appears to be an annual publication covering 
the current advances of the medical sciences. It is a collection of essays written by recognized 
authorities in the field. Some of the essays are a continuation, by the same physician, from last 
year’s edition, analyzing the results of new techniques. Some subjects which appeared in the first 
volume last year were omitted this year because of a lack of new material in those fields. In 
their place are essays on subjects not introduced in the first volume, where progress during the 
last year has been pronounced. 

The following subjects are covered: cardiology—heart disease; surgery; nutrition; gastro- 
enterology ; rheumatic diseases; endocrinology ; newer drugs—their actions and uses; urology; 
infectious diseases; dermatology; ophthalmology; ear, nose, and throat; allergy; gynecology ; 
orthopedic surgery; psychiatry ; rehabilitation medicine ; medical psychology; physical medicine, 
and summary notes on medical advances. 

The book has several outstanding qualities that make it of particular value to the general 
practitioner. First, here is an opportunity for the rushed physician to obtain in 10 to 20 pages 
an up-to-date and competent evaluation of the current literature and present status of each field 
of medicine. Second, the value of the individual essays is enhanced by having them written by 
outstanding authorities in the field, among whom are Dr. Paul Dudley White, Dr. Charles W. 
Mayo, and Dr. Frederick J. Stare, to mention a few. Third, each essay is followed by a 
comprehensive bibliography of the current literature, which the physician can easily make use 
of if more extensive study is desired. And, fourth, new procedures, drugs, or other agents that 
are currently in use or under evaluation are discussed, with proper attention to dosage, scheduling, 
and contraindications. 


Dr. Fishbein has given particular attention to those areas of medicine in which the current 
advancements have shown important applicability to the progress of the field. An effort has 
been made to present the more practical achievements, without overloading the presentation 
with highly technical research material that is not as yet of proved clinical or therapeutic value. 

The book is easy to read. It has a foreword by Dr. Fishbein and also a concluding chapter 
by him called “Summary Notes on Medical Advances.” The book is 345 pages long and has an 
index, table of contents, and list of contributors. 


Mark W. Watrter Jr., M.D. 


Verhandlungen der Deutschen Gesellschaft fiir Arbeitsschutz (Vol. 1). Edited by Dr. 
Edwart Mager. Price, unknown. Pp., 146, with 36 illustrations. Dietrich Steinkopff Verlags- 
buchhandlung, Darmstadt, Germany, 1953, 


This publication is a commentary on the Fifth Act on the expansion of German Compensation 
Laws of July 26, 1952. The new Act removes a number of limiting qualifications as to place of 
work and degree or localization of disease or injury. A number of occupational diseases appear 
for the first time in this schedule or are made compensable without major restrictions. Diseases 
due to cadmium, beryllium, chromium, and aluminum and their compounds fall into this 
category. Diseases of bones, joints, and tendons caused by fluorides and dental injuries caused by 
mineral acids are additions. 

Listed for the first time and made compensable without restrictions are chronic diseases of the 
synovial membranes and of tendon and muscle attachments due to overexertion, paralysis of 
nerves due to pressure, chronic diseases of the mucous bursa of joints caused by constant pres- 
sure or constant vibration, sprain-fracture of the vertebral processes, and injuries to menisci—the 
latter, however, only in miners after a minimum of three years of uninterrupted work under- 
ground. 

These major innovations are discussed by medical and technical specialists. The discussion is 
up-to-date, and due consideration is given to foreign research and practical experiences. 
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Of interest to you 


and your patients 


HOUSE DUST ALLERGY 
by Karl D. Figley 
8 pages, 15 cents 
ASTHMA, A PROBLEM IN PREVENTION 
by Alene S. and Robert P. Little 
12 pages, 15 cents 
WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft 
12 pages, 15 cents 
PROTECTING YOUR CHILD FROM ALLERGY 
by William Gayle Roberts 
8 pages, 15 cents 


AMERICAN MEDICAL ASSOCIATION 


commercials — no sales chatter 
but o wealth of informative data that should prove 
invaluable to you and your company throughout 
the future. 


535 NORTH DEARBORN * CHICAGO 10 | 


' LIGHTFOOT SCHULTZ COMPANY | 
“10 MADISON AVE. NEW YORK 17, N.Y. 
' Send your free Question and Answer Soap Data : 
Name_ 
Address 
chy 


instant 
first aid for 


| snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with ... 


When a poisonous snake strikes, suction must be applied im- 
mediate! Venom must be prevented from spreading through 
The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
Easily by the 


necessary needed 


the body. 


increased as desired. and quickly 
Kit 


for emergency first aid: tourniquet, lancet, ammonia inhalants, 


administered, 


victim alone if provides everything 


iodine swabs, adhesive bandages, Saunders’ venom- - 
suction pump with two adapters. Write for data. 
* Patented 


Woo pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 
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ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
All of the treatment procedures are described and the psychological 
following asticles have problems confronting the alcoholic are discussed. 


4 pages, 10 cents 

appeared in TODAY'S HEALTH 
and are now available 
in pamphlet form. 


ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 

by Russell S. Boles 

4 pages, 10 cents 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 

by Edward A. Strecker and Francis T. Chambers, Jr. 

4 pages, 10 cents 


ALCOHOLISM 


THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 

an by Lewis Inman Sharp 
4 pages, 10 cents 


CONDITIONED REFLEX TREATMENT 
important OF CHRONIC ALCOHOLISM 

Its place among methods of treatment today, 

its development and correlation with personality factors. 


problem by Walter L. Voegtlin 


4 pages, 10 cents 


in today’s living INSTITUTIONAL FACILITIES FOR THE 


TREATMENT OF ALCOHOLISM 


Comparative differences, in drinking, with 

the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 

4 pages, 10 cents 


THE ABOVE SIX PAMPHLETS ARE ALSO AVAILABLE IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW TO MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
8 pages, 10 cents 


ADDRESS REQUESTS TO: 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 

535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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RESULTS COUNT Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


ac 


ant nt R , Ointment and powder of ZINCUNDECATE 
— Solution of UNDECYLENIC ACID 
V T Pharmaceutical Division Cures average case in one to three weeks 
i WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: WITHOUT LOSS OF WORK 
[] UNDER MEDICAL SUPERVI- TIME 


SION WITH SIMPLICITY AND 
[] AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 
1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


CALLING ALL PARENTS 
A delightful booklet where babies do the talking 
through pictures and captions. 
36 pages, 25 cents 


WHAT TO DO ABOUT THUMB SUCKING 
An explanation of this habit telling when it becomes 
dangerous and how to correct it. 

by William Fishbein, 8 pages, 15 cents 


BAD HABITS IN GOOD BABIES 
Including sleep disturbances, eating problems, stub- 


bornness, bladder control . . 
by H. M. Jahr, 16 pages, 20 cents 


CASE OF THE CRYING BABY 
Infants don't cry aimlessly! This pamphlet tells 
helpful what constitutes beneficial crying and how to correct 
harmful crying. 

by H. M. Jahr, 4 pages, 10 cents 


pamphlets 
for baffled parents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN *° CHICAGO 10 
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in serious infections 


Chloromycetin 


( Chloramphenicol, Parke-Davis ) 


in bacterial infections,CHLOROMYCETIN is frequently effective against strains 
of gram-positive and gram-negative organisms resistant to other antibiotic agents. 
Notable clinical results have been observed in typhoid fever, bacterial pneumonia, 


and serious bacterial disorders. 


in viral infections, marked clinical improvement, smooth convalescence, and an 
early return to normal activities may be anticipated following the administration 
of CHLOROMYCETIN. Striking clinical responses have been reported in viral pneu- 


monia, psittacosis, and certain other serious conditions caused by large viruses. 


in rickettsial infections, CHLOROMYCETIN often has a remarkable effect on 
the clinical course of the disease. Fever and toxemia associated with typhus, 
scrub typhus, and Rocky Mountain spotted fever may be dramatically con- 
trolled within 48 hours. 


CHLOROMYCETIN is a potent therapeutic agent and, because certain blood 
dyscrasias have been associated with its administration, it should not be used 
indiscriminately or for minor infections. Furthermore, as with certain other 
drugs, adequate blood studies should be made when the patient requires pro- 


longed or intermittent therapy. 


PARKE, DAVIS & COMPANY ¥* «= DETROIT 32, MICHIGAN 
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